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(54) Non-aqueous electrolyte secondary battery 

(57) The present invention provides a non-aqueous 
electrolyte secondary battery having an anode active 
material with a high capacity and excellent cycle char- 
acteristics. The active material comprises a salt gener- 
ated reacting a metal or a semi-metal and a compound 
selected from the group consisting of oxo-acids, thiocy- 
anic acid,- cyanogen, and cyanic acid, wherein each 



said oxo-acid comprises an element selected from the 
group consisting of nitrogen, sulfur, carbon, boron, 
phosphorus, selenium tellurium, tungsten, molybde- 
num titanium, chromium, zirconium, niobium, tantalum, 
manganese, and vanadium, salts of said oxo-acids of 
phosphorus and boron being restricted to hydrogen- 
phosphates and hydrogenborates. 
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Description 

BACKGROUND OF THE INVENTION • 

5 The present invention relates to an improvement in anodes ot non-aqueous electrolyte secondary batteries. 

Non-aqueous electrolyte secondary batteries including lithium or a lithium compound for the anode are expected 
to have a high voltage and high energy density, and therefore, they are extensively studied. 

Known cathode active materials for the non-aqueous electrolyte secondary batteries are oxides and chalcogens of 
transition metals, such as LiMn 2 0 4 , LiCo0 2 , LiNi0 2 , V 2 0 5> Cr 2 0 5 , Mn0 2 . TiS 2 . MoS 2 and the like. These compounds 
10 have a layered or tunneled crystal structure to allow lithium ions to freely intercalate and deintercalate. The use of 
metallic lithium for the anode active material has intensively been examined. Such use. however, has a drawback; lith- 
ium dendrite occurring on the surface of metallic lithium in the course of charging results in lowering the charge-dis- 
charge efficiency and may come into contact with the cathode to cause an inner short circuit. 

In order to solve this problem, the potentials for application of lithium alloys, such as lithium-aluminum, which can 
is depress the growth of lithium dendrite and absorb and desorb lithium, for the anode have been studied. However, when 
lithium alloys are used for the anode, repeated charge and discharge causes pulverization of the alloys, posing a prob- 
lem of poor cycle life characteristics. 

There are proposals for solving this problem by inhibiting pulverization of the alloys by including additional elements 
in the lithium-aluminum alloy (for example, Japanese Laid-Open Patent Publication Sho 62-1 19856 and Hei 4-109562), 
so although the improvement is not sufficient. Lithium ion batteries recently developed have anodes composed of carbon 
material that reversibly intercalates and deintercalates lithium and has excellent cycle characteristics and safety though 
having a smaller capacity than those of the anode active materials mentioned above. 

With a view to enhancing the capacity, a number of studies have proposed application of oxides for the anode; for 
example, crystalline oxides, such as SnO and Sn0 2 (Japanese Laid-Open Patent Publication Hei 7-122274 and Hei 7- 
25 235293) and amorphous oxides, such as SnSi0 3 . SnSi^jP^ (Japanese Laid-Open Patent Publication Hei 7- 
2881 23). These oxides, however, do not sufficiently improve the characteristics. 

SUMMARY OF THE INVENTION 

30 The object of the present invention is thus to provide an anode for non-aqueous electrolyte secondary batteries 
having excellent charge-discharge cycle characteristics. 

The present invention provides an anode that absorbs lithium in the course of charging not to cause dendrite and 
has a large electric capacity and an excellent cycle life. 

The present invention is directed to a non-aqueous electrolyte secondary battery comprising a cathode capable of 

35 being charged and discharged, a non-aqueous electrolyte, and an anode capable of being charged and discharged, the 
anode having an active material that comprises a salt of a metal or a semi-metal and a compound selected from the 
group consisting of an oxo-acid, thiocyanic acid, cyanogen, and cyanic acid, wherein the oxo-acid is one of an element 
selected from the group consisting of nitrogen, sulfur, carbon, boron, phosphorus, selenium, tellurium, tungsten, molyb- 
denum, titanium, chromium, zirconium, niobium, tantalum, manganese, and vanadium. 

40 It is preferable that the metal or the semi-metal constituting the metal salt or the semi-metal salt is at least one 
selected from the group consisting of Al. Sn, Si. Pb, Cd, Bi, In, Zn, Mg. Ge. Ga. Ca, Ba. Ir, Sb. Ti, V. Cr. Mn, Fe. Co. Ni. 
Cu. Mo, W, and Nb. Especially preferable are Sn, Pb, In, and Bi. 

The present invention gives a non-aqueous electrolyte secondary battery that is free from a short circuit due to den- 
drite and has a high energy density, an excellent cycle life, and a high reliability. 

45 While the novel features of the invention are set forth particularly in the appended claims, the invention, both as to 

organization and content, will be better understood and appreciated, along with other objects and features thereof, from 
the following detailed description taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

50 

Fig. 1 is a vertical sectional view schematically illustrating a test cell used for evaluating the electrode characteris- 
tics of active materials in accordance with the present invention. 

Fig. 2 is a vertical sectional view schematically illustrating a cylindrical battery including an anode in accordance 
with the present invention. 

55 

DETAILED DESCRIPTION OF THE INVENTION ■ 

As discussed above, the anode of the present invention comprises a metal salt or a semi-metal salt of a specific 
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acid or cyanogen. 

In ihe following description, saris of a divalent metal m" are ,■,;„=., ^ ■ „ 
nitrates M»(N0 3 ) 2 and nitrites M«(N0 2)2 9 35 eXampleS ' ^ of ni1r °9 en «°-**te include 

Salts of sulfur oxo-acids include sulfates M n SO„ suKHe<; M'kn », nil* ^ 
peroxodisulfates M'-SoO. thiosulfates M»&0 rf«SZ X ,? 3, u Sul,alesM ^.peroxomonosuHates M«S0 5 . 
M n (HS0 4 ) 2 . thionatesV^ M ^ ^ensuffates such as 

gen-containing acid salts. 2 6 d th '° n,teS M ^ ""^tes such as M»S0 2 . and hydro- 

Phi^r^ nydrogenphosphates such as M»HP0 4 and M » ( H 2 P0 4 > 2 , phos- 

Pr?erlr s ?„ n s °f^ d n S indude w Carbonates and hydrogencarbonates (^'(HCO^ 

sl nf ?J1 ; aC ' dS ' nClUde •V*°aenboiBtes such as M"(H 2 B0 3 ) 2 andS'HBO, 

M%£tJl^^ - M"Te0 4 , and hydrogenteHurates suoh as 

composrtions. the P ' eSenl ' ment ° n are ' however ' ™* restricted to the above chemical 

pref^^e^ <~ nydrogenbora.es. hydrog.phosphates are 

^ * * * * a- Vas .amp.es. lnthe 
-S^^^ -yhdates include r,Wo 4 and M^O, 

comp^T"^ 
asthXr^ 

with a high capacity and exceptiona "JS Zch^cterSi^^h ^ 35 th6 negative e,ectrode 
metal is surrounded by a) the -salts L^f«^ iT* 3 ° ryStal StmCture in which * e or semi- 

nium. and tellurium, sud as o7ox JSSSSST! T * P hos P horus - <**°", boron, sde- 

or by the salts further includin^hydmgen such as hSol S "'^ phos e horus - «*on. boron, selenium and tellurium 
carbon; c) cyanates containing^' ca^a^ b) < * Bnkto8 C ° nt3inin9 and 

and ,r , which those sa,ts are tLed* X££S£X$ See C ° ntamm9 ^ ^ 

withl^c^^^^ - *J — as the negative e,ectrode materia, 

is surrounded by the salts of oxo S T. lZ T T aVe 3 CfyS,al Structure in which ,ne ™tal or semi-metal 
titanium, chromL S£T„££ ta^te ummtT" 1 ' nClU ^ 9 ° W ' *« "* ^ °' 

ates.irc onates. chromates. .^^^ *« * — 

-ta^Ta^s^ 

sumed to be relativefy brittle unde "hTco^Z JTJ^ PrBGeni ' meni ™- While P™ art metal oxides are pre- 
tention of a large ^rnoun" ,'^ 

expected to be relatively tough u^^S^J^t^* "! °' ,hG preSent inverti °" «™ 

deintercalation of a large amou J Timl ,t ZlZZu* ^J""***" «»mp«*d * intercalation and 
therms the cycle characteristic 

valences should be apparent to th S Si f J e ,m f r i COmp ,° ^ ° f me,al Sa " S and semi " m etal salts of different 
formulae as the metafsalts and ^l^^gZ^*""" ™ 06 expressed * ^ genera, 
M 2 (Se0 4 ) M 2 (Se03) m . M 2 (Se0 5 ) m . M(Hse0 4 ) m . and M(HSe0 3 ) m 
Some examp.es ,n accordance wrth the present invention are g^below. a.tnough the anode materia, o, the 
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present invention is not restricted to the chemical compositions discussed in these examples. 

Example 1 

Testc..ss h o^ 

* metal and semi-metal nitrates ^/ rt ^^ an active mate- 

Referring to Fig. 1. numeral 1 designates a test el f rode t co ^f h e ° °^ * . 2 A sepa rator3 ot a micro-porous 
rial . The tesfelectrode i is arranged on the , u bstan J^^^ ^^tiSn. the opening ot the bat- 
polypropylene film was placed on the test electrode 1. After '"1^ °' a " comoosed of a metallic lithium dsc of 17.5 

- HHiSo^ 

3 '^Ldure inciuded e S o. an acti— , powder. «*<&^'£S^i2££ K£ 

became 0 V with reepecl te the Irthrum counter eleesodo The test cer «"» J eleclrode. After the 

„ corresponds to discharging) ur.1 the electrode ^'"^^^Swca were eva.ua.ed. 

repeated cathode potation and m f^^^^S^' ™nner using the known compounds 
Fo, the purpose ot corr^rrson. electrodes ~" suWes SnS and PbS . ,nd srrtorphoue met.l 

fce Cy«rS batteries shown in Fig. 2 were manured and tested to. equation e. the «c,e charactensta o. the 

fc^X^^^ 
n^t.hea.ngthern^re^ 

f^t tTe^K^ - ^ " '°° '° 4 

micro-porous polypropylene film was used as a separator. member and 

A cathode plate 1 1 with a cathode lead 14 wh.ch - composed of % welded theret0 . and a S e P - 

attached to the cathode plate 1 1 by spot weld,ng, an ^SSi^^^^ in s P ira,s tQ C0nStitUt6 *" 
arator 13 having a greater width than those o the ;e on the top a nd bottom of the electrode group, 

electrode group. Polypropylene .nsutatmg plates 16 ^ 1 ^re ptaced^ on t e p o{ ^ 

" wl seaSa sealing ptete „ having an anode terrnina, 20. This ^tes » ^ „, 3 „ . c 8nb 

The batteries constructed as abo.e were subiected to e * a '=«* c "»" y * ^ J v^rale ot the discharge 
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Tables 1 through 3 show the results of evaluation. 

Table 1 



Salt 


Discharee caoacitv 
(mAh/E) 


( ri nil/" 1 ( u 

frrrj i ntpn^nrp rsi f t> f Oil ^ 

UK* 111 IC llul 1 Cl ic\ 70 ^ 


A 1 (N 0 3)3 


2 8 4 


7 ^ 


A 1 (N 0 2)3 


3 2 6 


7 "3 


S n (N 0 3)4 


3 4 6 


ft R 
0 0 


S n ( N 0 2)1 


3 fl q 

KJ \J *J 


ft <1 


S n(NOi)i 


4 8 5 


ft 4 
O 'i 


S n CN 0 2)2 


5 1 0 

WAV/ 


ft 9 


S i (N 0 3)4 


3 9 0 


ft 3 
0 0 


S i(NO:)< 


4 3 5 


ft 4 


P b (N 0 3)2 


3 5 6 


ft 3 
O 0 


P b ( N 0 2)2 


»J ^ *1 


ft 9 


C d ( N O 3)2 


3 9 0 


7 A 




0 0 0 


7 7 




9 Q R 

c y 0 


7 O 
1 O 


I_) 1 \ i N \J 2 / 3 


O £ fl 


7 C 


1 n v in \j 3 ./ 3 


Q /I R 
O ft U 


7 Q 
/ O 


1 ilV.lN^2^3 


*3 7 c: 


7 E 


7 n / m n . 1 . 


9 Q O 

/i o y 


7 0 


7 n f m n . ^ . 
i< n un u ! j ! 


Q 9 C 
O £ O 


7 n 




0 0 O 


7 c 




Q fi 9 
O D 1: 


7 O 


VJ L V l» W 3 y 4 


ft fi 7 


7 /i 


\_J C ^ IN \J 2/4 


4 n n 

H \J U 


7 O 
I fl 


M 0 ( N O i") 3 


? Q fi 

£r J U 


ft 1 

O i. 




Q Q 4 
u y 1 


7 Q 

r y 


S b CN 0 3)3 


4 2 5 


7 S 


S b ( N 0 2 ) 3 


4 3 3 


7 3 


T i (N 0 s)^ 


2 7 5 


8 0 


V(N 0 3)2 


2 5 5 


8 4 


C r (N 0 2)3 


2 8 5 


8 2 


Mn CN0 3 )2 


2 6 3 


8 3 


F e (N 0 3)2 


2 7 4 


8 1 


C o(N03)i 


2 6 9 


8 0 


N i (NOO. 


2 7 1 


8 0 


C u(NOi)i 


2 6 5 


7 8 


Mo(N03)2 


2 2 2 


7 7 


W(N Os)* 


2 1 5 


8 0 


N b(N0 3 )3 


2 2 0 


7 9 


C a (NOj): 


2 8 6 


7 9 


B a (NOj): 


2 7 5 


8 0 


1 r(N0 3 )3 


2 6 6 


8 1 


-S r(N0 3 )2 


2 8 6 


7 9 
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Table 2 



c 


Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 




Dc *0.33*-" 'O.D/V. ,v 3/2 


425 


86 




'-"^O.SS 01 , 0.67l |,ls -'3/2 


433 


85 


10 


* r 0.33 i3rl 0.67l INV -'3^2 


443 


85 


lvl 90.33 on 0.6 A l> "-'3/2 


435 


85 




lvln 0.22 o,, 0.78v IN, -'3/2 


410 


86 




re 0.12 on 0.88l INV -'3J2 


451 


85 


15 


wOo 1 8 c>n 0.82V '^^3)2 


444 


87 




UUo. 1 8 &n 0.82l l>l >-'3J2 




86 





I loi2on 0 .82\ INU 3J2 




85 


20 


zn 0 12 t>n 0 gaiiMUs^ 


442 


87 


^ r 0.12 t,n 0.82l rv,u 3^2 


440 


86 




v 0.12 an 0.82\ lv,u 3J2 


421 


87 




bao.330n 0 67l IN, -'3}2 




85 




Oao.33rD 0 .67( NU 3J2 


O 13 


87 • 






ooq 


87 




™ 1 Qo.33" D 0.67l IN( - J 3te 




85 


30 


KArt Ph /MO ^ 

Mn 0.22~ D 078V rvlu 3)2 


ooo 


84 


c fi ph 7Kin.\. 
' e 0.12 KD 0.88l 1N(J 3)2 




86 




r* ~ ph /MO \. 
^°0.18 KD 0.82( Nl -'3)2 




85 




r^n Ph /Mn.\. 

t>U 0 1 8 t ^ D 0.82t INIU 3;2 


O 1 1/ 


87 


35 


Ti Ph /MO \ 


OH 


81 




7n. .Ph. ..fMO.\. 


329 


83 




Cfn i^Pbn (refNO-,)-, 

w * U.l t ^U.O£\ »S/£ 


320 


84 


40 


W 0 .09Pb 0 . 8 2(NO 3 ) 2 


301 


87 




Feo. 18 lno.B8(N0 3 )3 


324 


82 




COo.27l n 0.82(' V '03)3 


315 


83 




Cu 0 .27ln 0 .82( N O3)3 


310 


84 


45 


Tio.27Bio.82(N0 3 )3 


275 


80 




Zn 0 27Bio. 88 (N0 3 )3 


284 


79 



50 



Table 3 



Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 


wo 2 


190 


9 
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Table 3 (continued) 





Salt 


Discharge capacity 
(mAh/g) 


Capacity maintpnanr*** 
rate(%) 




Fe 2 0 3 


185 


10 




SnO 


522 


5 




SnSi0 3 


453 


20" 


10 


PbO 


453 


2 




SnS 


498 


6 




PbS 


436 


3 


15 


SnSi 08 P 02 O 31 


406 


25 



Example 2 

1 - -me con^ons as those o, E*amp,e 

specified in Tables 4 and 5 aS usS a fthTan^S 72* m T f"?»"»-««ta" carbonates and hydrogencarbonaL 
test cells in the first cycle. * ma,ena '- Tat " eS 4 and 5 show tne ^charge capacities of the 

^rTh^ 

No deposit of met,,,, lithium ^SS^SSSSSSSS!^ ^ ^ ^ 

J^S in •» tetrodes comprising the 

causing no deposit of metallic lithium P ° lan2at ' 0n makeB me absort > ed lrth '™ released from the electrodes, thereby 

Examp',^ 

and hydrogencarbonates of Example 2 S 4 a5 fZXZJ^ ^ Carbona,es 

30185 4 and 5 show the capacity maintenance rates at the 100-th cycle. 



40 



45 



so 



£5 
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Table 4 



5 


0„ 1 f 

oa Lt 


crhfl rap rjinari tv 
( m4h /d^ 

k.UliMl/ 6/ 


Capacity 
train tenance rate(%) 




A 1 jICUWs 


^49 
O 1 t 


7 5 




a i f t_i r* r\ \ 


3 n fi 

O U D 


8 6 




S nlCOsji 


/no 
4 y 0 


8 6 


TO 


S n C 0 a 


R "5 .4 
D O t 


8 2 




f /lip \ 


A 9 A 

*i L. H 


9 2 




S n (H C Oi)! 


a q n 
t y u 


9 0 




S l(COa): 


*3 7 ft 


8 1 


15 


S i(HCOjj< 


3 fi R 


8 9 




P b C 0 3 




8 2 




P b (H C Oij! 


/i n 9 

4 U c. 


8 4 




CdCOi 


Q Q 7 


7 5 


20 


C d (H C 0 3)2 


O. G R 
O 0 0 


8 5 




B i 2 ( C 0 3)3 


Q P O. 
O D y 


7 3 




B 1 (H C 0 3)3 


*3 n r 
0 u 0 


7 8 




I n j( C 0 3)3 


.H fi T 
4 D 1 


7 6 


25 


I n (H C 0 3)3 


q Q C 
O 0 D 


8 5 




ZnCOi 


9 Q ft 

£ y 0 


7 2 






? R fi 
£• \j <j 


8 2 




G a a( C 0 3^3 


0. Q 4 


7 3 


30 


0 D^nv^ wj^3 


3 1 5 


7 5 




G a (HC 03)3 


3 12 


7 9 




G e ( C 0 3)2 


3 6 5 


7 5 




G e(HC Os)* 


3 3 5 


8 3 


35 


MgCOj 


3 0 4 


7 9 




Mg(HCOs)i 


2 9 2 


8 5 




T i i(CO»)i 


2 9 8 


7 5 




Mn C Os 


2 6 3 


8 6 



40 



45 
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Table 4 -continued 





oa 1 1 


Discharge capacity 
(mAh/g) 




\/ r\ 
V L Uj 


1 9 8 




C r i( L Oiy! 


2 6 3 


10 


r e L Oa 


2 4 6 




LoCOi 


2 5 9 




N i COj 


2 6 4 




CuCOi 


2 5 3 




MqCOj 


2 2 1 


15 


BaCOi 


2 5 6 




C a C 0 3 


2 6 3 




W(C0)): 


2 1 5 




I n(C0i)i 


3 2 1 


20 


S b 2 (C 0 = )! 


3 6 5 




N b(C03)s 


1 8 7 




SrCO. 


2 7 3 J_ 


2S 




Table 5 
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Salt 



Bai.iSn«.aCOi 
Cao. :S no. iCOi 
Sri, iS no. iCOj 
Mgo.iSno.aCOi 
M n o .7 S n o. a C O a 
Feo.oSno.iCOo 
Co.. iSniiCOi 
Cuo. iSniiCOi 
Tio.jSno.iCOi 
Z n o. a S n o. s C O s 
C r o. 3 S n o. 7 C O 3 

0 o. 3 S n o. s C 0 3 
3 a o. i P b o. 8 C 0 3 
Cao. 2 P b o. b C 0 3 

i- 0. 2 P b 0, 8 C 0 1 

g 0. 2 P b 0. » C O 3 
M n 0. 2 P b 0. 8 C O 3 
e 0 3 P b 0. 6 C O 3 

oo. iPbo. iCOi 
u«_iPbo. iCOi 

1 p. iP bo. T C O 3 



Capacity 
maintenance rate(%) 



8 6 
8 2 
8 4 
8 3 
8 1 
8 2 
8 2 
8 0 
7 5 
7 5 
7 3 

7 8 

8 0 
7 5 



Discharge capacity 
(mAh/e) 



4 9 8 
4 8 5 

4 9 5 

5 0 0 
4 8 2 
4 7 9 
4 8 6 
4 9 3 
4 7 5 
4 8 2 
4 7 3 
4.5 9 
4 2 1 
4 1 6 
4 1 6 
4 2 2 
4 1 8 
4 0 9 
4 1 7 
4 1 5 
3 9 8 



Capaci ty 
maintenance rate(96) 



8 4 
8 5 
8 5 
8 6 
8 5 
8 7 
8 6 
8 5 
8 4 
8 5 
8 5 
8 6 

8 3 

8 5 

8 5 

8 4 

8 7 

8 6 

8 5 

8 4 

8 5 
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Table 5-continued 



Salt 



Z n o 2 P b o s C O a 
C r o. 2 P b o. 7 C O i 
M o o. 2 P b o. 
(F e o. 3 I no. 
(C o o. a I no 
(C u o. 3 I no 
(T i o. i,B i o 
(Z n o. jB i o 
B a o. 2 S n o. 
2 S n o. 
2 S n o. 
2 S n o. 



Discharge capacity 



C a o 
S r o 
M g o 
M n o. 
F e o. 
Coo. 
C u o. 
T i o. 
Z n o. 
C r o. 
Moo. 
B a o. 
C a o 
S r o 
M g o 
M n o. 
F e o. 
C o o. 
C u o. 
T i o. 
Z n o. 
C r o. 
M o o. 
F e o. 
Coo. 

C U o. 

T i o. 
Z n o. 



S n o 



S C O 3 

,)»(COO> 

sMC 03)3 
i)i(COi)i 

sMC 03)3 
sMC 0 3 )a 
B (H C 03)2 
»(H C Oa)2 
8 (H C 03)2 

• (H C 03)2 

• (H C Oa)2 



2 S n 0 

:Pbo 
iP b 0 

2P b 0 



:S no. .(HCOj): 

2S n 0. «(HC Oa) 2 
2S no «(HCOa)2 
2 S n 0 7 (H COO" 
,S n 0 b ( H COj). 
,S n 0 t(HCOO> 

b ( H C Oa)2 

8 (HC03) I 

b(H C Oa)2 
b(H C 03)2 
,P bo. .(HCOj)! 
2 P b 0. b(H C 03)2 
,(HC 03)2 
8 (HC 03)2 
8 (H C 03)2 

t(HC03)2 

,CH C 03)2 
7 (H C 03)2 
8 (H C Oa)2 
g (H COOj 



,Pb. 
2 P b 0 
jP b 0. 
2 P b 0 
2P b 0 
2 P b 0. 
2 P b 0 
a I n 0. 
a I no. .(HC 03)3 
,1 n 0. b(H C 03)3 
2B i 0. 
i 0. 



b( H C 03)3 
,(HCOj). 



4 

4 

3 

4 

4 

4 

3 

3 

4 

4 

4 

4 

4 

4 
4 
4 
4 
4 
4 
4 



5 

3 

8 

5 

0 

6 

2 

1 

2 

1 

3 

1 

3 

9 

1 

6 

2 

0 



0 
0 
9 
1 
1 
1 
4 
3 
5 
4 
4 
5 
4 
3 
4 
5 
3 
4 

2 9 
2 0 
3 8 4 
3 7 2 
3 7 
3 8 
3 7 
3 6 
3 7 
3 7 
3 5 



2 
2 
1 
7 
1 
9 
2 



3 6 8 
3 6 9 
3 5 7 
3 6 5 
3 5 9 
3 5 8 
3 0 1 
2 8 6 



Capaci ty 
In a i n tenance' ra te( % ) 
8 6 

8 5. 
8 7 

7 9 

8 0 



8 
7 
7 
9 
9 
9 
9 
9 



9 2 
9 1 
9 2 
9 2 
9 3 
9 4 
9 4 
8 8 
8 9 
8 9 

8 7 

9 0 
9 1 
9 0 
8 9 

8 9 

9 0 
9 0 
9 1 
8 6 
8 8 
8 7 
8 6 
8 7 



gencarbonates has remarkably improved the cycle characteristics. 
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Example 3 

The electrode characteristics of various metal and semi-metal hydrogenborates specified in Tables 6 through 8 and 
used as the anode active material were evaluated in Example 3. 
5 Test cells discussed in Example 1 were manufactured, and the discharge capacities were measured under the 

same conditions as those of Example 1. The results of measurement are shown in Tables 6 through 8. 

The measurement proved that all the test cells of Example 3 were capable of being charged and discharged. 
After the conclusion of cathode polarization of these test cells in the tenth cycle, the test cells were decomposed. 
No deposit of metallic lithium was observed in any of the test cells of Example 3. 
io The above experiments show that cathode polarization makes lithium absorbed in the electrodes comprising the 
active materials of Example 3 and anode polarization makes the absorbed lithium released from the electrodes, thereby 
causing no deposit of metallic lithium. 

Cylindrical batteries discussed in Example 1 were manufactured, and the capacity maintence rates at the 100-th 
cycle were measured under the same conditions as those of Example 1 . The results of measurement are shown in 
is Tables 6 through 8. 



Table 6 



so 


Salt 


wtoui icti ye octyjctuiy 

(mAh/g) 


k/apauiiy rTiainienance 
rate(%) 




AI 2 (HB0 3 )3 


305 


78 




AI(H 2 B0 3 ) 3 


294 


80 


25 


SnHB0 3 


532 


83 




Sn(HB0 3 ) 2 


453 


85 




Sn(H 2 B0 3 ) 4 


405 


86 




Sn(H 2 B0 3 ) 2 


493 


85 


30 


Si(HB03) 2 


326 


82 




Si(H 2 B0 3 ) 4 


296 


83 




PbHB0 3 


443 


84 


35 


Pb(H 2 B0 3 ) 2 


421 


86 




CdHB0 3 


328 


84 




Bi 2 (HB0 3 ) 3 


312 


79 




Bi(H 2 B0 3 ) 3 


289 


81 


40 


ln 2 (HB0 3 ) 3 


385 


84 




ln(H 2 B0 3 ) 3 


368 


86 




2nHB0 3 


268 


79 


45 


Zn(H 2 B0 3 ) 2 


268 


81 




Ga 2 (HB0 3 ) 3 


338 


79 




Ga(H 2 B0 3 ) 3 


312 


82 


SO 


Ge(HB0 3 ) 2 


352 


85 


Ge(H 2 B0 3 ) 4 


335 


87 




MgHB0 3 


296 


84 




Mg(H 2 B0 3 ) 2 


286 


86 



55 
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Table 7 



5 


oall 


uiscnarye capacity 
(mAh/g) 


wopdoiy rriciir iiciioi lut; 

rate(%) 




Sb 2 (HB0 3 ) 3 


310 


80 




Ba 01 Sno.9HB0 3 


486 


84 


10 


Ca 0 .iSno.9HB0 3 


482 


85 


SroiSnogHB03 


482 


85 




Mg 0 1 Sn 09 HBO 3 


479 


84 




Zn 0 .iSn 0 . 9 HBO 3 


481 


86 


15 


Cun iSn n qHBO-> 


469 


87 




COn 1 Srin qHBOi 


467 


85 




Fe n iSn n qHBOo 


461 


86 


20 


Ni 0 iSn 0 9 HB0 3 

U. 1 U.3 O 

Ti 02 Sn 07 HBO 3 


449 
459 


87 
86 




Cr n iSn 0 7HBO3 


449 


88 




VniSn Q9 HB0 3 

U.I U-3 O 


429 


87 


25 


Mo 0 ■, Sn 0 .gHBO 3 


438 


87 




W 01 Sn 0B HBO 3 


429 


86 




(Mno. 3 ln 0 . 9 ) 2 (HB0 3 ) 3 


352 


82 


30 


(N'o.3lno.8)2(HB0 3 ) 3 


357 


85 


(Co 0 . 3 ln 0 .8)3(HBO 3 ) 3 


349 


85 




(Mn 03 Bi 0 .9)2(HBO 3 ) 3 


291 


82 




(Ni 0 .3Bio. 8 ) 2 (HB0 3 ) 3 


281 


82 


35 


(Co 0 . 3 Bi 0 . 8 )3(HBO 3 ) 3 


279 


83 



Table 8 



55 



Salt 


Discharge capacity 
(mAg/g) 


Capacity maintenance 
rate(%) 


Ba 0 .iPb 0 . 9 HBO 3 


421 


88 


CaojPbo.gHBOa 


429 


87 


Sr 0 . n Pbo. 9 HB0 3 


429 


87 


MQo.iPbo.9HB0 3 


428 


88 


Zn 0 .iPb 0 . 9 HBO 3 


420 


86 


Cu 0 iPb 0 . 9 HBO 3 


419 


85 


Co 01 Pb 09 HBO 3 


425 


84 


Fe 0 .iPbo. 9 HB0 3 


422 


85 


Nio.iPbo.gHBOs 


428 


86 


Ti 0 . 2 Pbo.7HB0 3 


419 


89 
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Table 8 (continued) 



Salt 


Discharge capacity 
(mAg/g) 


Capacity maintenance 
rate(%) 


Cr 0 iPb 0 . 7 HBO 3 


401 


85 


V 01 Pbo. 9 HB0 3 


398 


87 


Mo 0 ,Pbo 9 HB0 3 


392 


86 


W 01 Pb 08 HBO 3 


382 


87 



The batteries using the metal or semi-metal hydrogenborates of Example 3 as the anode active material have the 
improved cycle characteristics, compared with the prior art metal oxides. 

is Example 4 

The electrode characteristics of various salts of oxo-acides of sulfur specified in Tables 9 through 16 and used as 
the anode active material were evaluated in Example 4. 

Tables 9 through 1 6 show the discharge capacities of the test cells and the capacity maintenance rates of the cylin- 
20 drical batteries at the 100-th cycle measured under the same conditions as those of Example 1. 

Table 9 



25 


Salt 


Discharge capacity 


Capacity 






(mAh/g) 


maintenance rate(9tj) 




A l :(S0O3 


3 8 9 


8 2 




A l 2(S0a)3 


4 0 5 


7 7 


30 


A I 2(8207)3 


3 4 2 


8 3 




A I 2 (S OOa 


3 7 0 


8 1 




A I 2 (S20b)3 


3 3 8 


8 5 




A l 2(S 2 03) 3 


3 7 5 


8 1 


35 


A l 2 (S 2 0i)s 


3 6 4 


8 2 




A I »(SlOs)3 


3 7 2 


8 3 




A I *( S 2 02)3 


3 7 8 


8 3 




A I 2(S2003 


3 6 4 


8 4 


AO 


A ! :(SO.) S 


4 1 5 


8 0 




S n (S 04)2 


4 8 2 


8 5 




S n (S Os)2 


5 2 1 


8 0 




S n (S 207)2 


4 1 6 


8 6 



45 



so 



55 
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Table 9-continued 



Salt 


Discharge capacity 


Capacity 




(mAh/g) 


maintenance rate(%) 


SnCSOO* 


4 5 6 


8 3 


S n C S iWi 


4 0 3 


8 4 


Sn(S20j)« 


4 5 6 


8 2 


S n (S !0.)> 


4 2 3 


8 8 


S n ( S 20s) 2 


4 3 7 


8 7 


S n ( S iOOi 


4 6 4 


8 4 


S n(Si04)i 


4 2 4 


8 6 


Sn(SOi)» 


5 10 


8 2 


S n S 04 


5 3 2 


8 2 


SnSOj 


5 5 6 


7 9 


S n S 2O7 


4 8 2 


8 5 


SnSOs 


5 0 2 


8 3 


A I (H S 04)3 


3 5 6 


9 1 


A l ( H S 0 3)3 


3 7 5 


8 7 


A l (H S 207)3 


3 2 0 


9 2 


A l (H S 0 5 ) 3 


3 3 5 


9 1 


A l (H S !0.) 3 


3 14 


8 9 


A ! (H S 203)3 


3 4 6 


8 8 


A I (HS 2OO3 


3 5 2 


8 9 


A l (H S 205)3 


3 4 6 


9 0 


A l (HS 202)3 


3 4 8 


9 1 


A l (HSjOO. 


3 3 4 


9 2 


A I (H S 02)3 


3 5 8 


8 9 


S n (HS 0<)< 


4 4 6 


9 5 


S n(HS 03>4 


4 5 3 


9 2 


Sn(HS jOt)^ 


3 8 6 


9 4 


S n (H S Os)< 


4 2 3 


9 3 


S n (H S 2 0b)4 


3 7 9 


9 4 


S n (H S 203)4 


4 3 3 


9 3 


S n (H S *0s)4 


4 0 2 


9 7 


S n (HS »0 S ). 


4 1 0 


9 6 


S n (H S 202)4 


4 3 9 


9 4 


S n (HS iO*)* 


4 0 3 


9 5 


S n (H S 02)4 


4 7 0 


9 0 


Sn(HS 04)2 


4 8 6 


9 3 


Sn(HSOi)i 


4 9 6 


8 8 


Sn(HS 207)2 


4 5 0 


9 2 


S n (H S 00. 


4 5 7 


9 1 
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Table 10 



o3 i I 


Discharge capacity 


Capaci ty 




Z_.1L /„\ 

tmnn/gj 


maintenance rate(%) 


C „ Q (~> 

o n O I U 8 


4 0 U 


8 6 


c „ c r\ 
o n o i (J 3 


c n c 
0 U D 


7 9 


C .-, c r\ 

o n o 2 U 6 


4 r 0 


8 5 


on o i u s 


/I Q O 

loo 


8 5 


o n o z u 2 


COP 

5 3 6 


8 0 


c o r\ 


4 9 7 


8 1 


o n o O? 


5 4 5 


7 9 


S 1 (SO.)i 


3 9 5 


8 5 


S 1 ( S 0 i)i 


4 1 1 


8 2 


S i ( S 2O 7)2 


3 4 1 


8 7 


S 1 ( S 0 5)2 


3 6 2 


8 5 


S i(SiOt): 


3 2 2 


8 7 


S i (S 203)2 


3 7 5 


8 4 


S i (SiOe): 


3 3 2 


8 5 


S i (SiOs): 


3 4 3 


8 4 


S i (S 202)2 


3 7 8 


8 2 


S i ( S 2OO2 


3 5 0 


8 5 


S i ( S 0 2)2 


4 2 1 


8 3 


F b S 04 


4 5 2 


8 4 


PbSO) 


4 7 2 


8 3 


P b S 2O 7 


4 0 5 


8 6 


PbSOs 


4 3 2 


8 5 


P b S 2 0 « 


4 0 0 


8 6 


P b S 2 0 3 


4 4 1 


8 4 


P b S 2 0 e 


4 11 


8 5 


P b S s 0 s 


4 19 


8 5 


P b S 2 0 2 


a a r* 

4 4 5 


8 2 


P b S 2 0 4 


4 12 


8 4 


0 /it n /"\ \ 


4 2 6 


9 3 


0 nQHo aOa^x 


4 7 2 


9 1 


O 11 C 1 1 b 7\Js)2 


>t O C 

4 0 b 


9 4 


Q _ / LI O "\ 

0 nv.no 2 U 5; 2 


4 4 U 


9 4 


0 11 \ n 0 1 u i/i 


d 7 1 


Q 1 


Sn(HS 204)2 


4 4 6 


9 3 


Sn(HSOi). 


4 9 2 


9 0 


S i (HS O,)* 


3 6 2 


9 3 


S i (H S Os)^ 


3 7 1 


9 1 


S i (HS 207)4 


3 1 2 


9 4 


S i (HS 0*)4 


3 3 5 


9 5 


S i (HS iO»)< 


2 9 4 


9 6 



55 
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Table 10-continued 



Sal t 


Discharge caoacitv 


Capaci ty 




(mAh/e) 

\ mi 111/ & «/ 


maintenance rate(%) 


c ; fu c q V 


3 4 1 


9 3 


Q ; ( u c , n 

O I \ 1 1 w 2 V»> b / * 


3 0 9 


9 5 


S i (H S iOs)< 


3 12 


9 4 


c ; ( u c , n 


3 4 0 


9 2 


^ i c h ^ o . li 

o i vno2W4>4 


3 18 


9 3 


c ; cue r> , V 


3 9 0 


9 0 


p h ch <s o -I, 

r DvrlO 


4 15 


9 2 


r D V. rl o Us.' 2 


A 9 R 
f* c u 




P b(H S 20t) 2 


3 8 6 


9 5 


P b ( H S 0 5)2 


4 0 3 


9 4 


Pb(HS 2OO2 


3 7 6 


9 5 


Pb(HS 202)2 


4 1 1 


9 4 


P b(H S 3 0 6 ) 2 


3 8 9 


9 6 


P b (H S 2 O s )2 


3 9 9 


9 5 


Pb(HSiOi)i 


4 19 


9 1 


P b (H S .0^)2 


3 9 1 


9 3 


Table 11 


Salt 


Discharge capacity 


Capacity 




CmAh/g) 


maintenance rate(%) 


PbSOi 


4 7 5 


8 1 


CdSOv 


4 14 


7 9 


C d S 0 .-. 


4 2 6 


7 8 


C d S 2O7 


3 7 8 


8 1 


CdSOs 


4 0 4 


8 2 


CdSsOi 


3 6 9 


8 4 


C d S 2O3 


4 10 


7 8 


C d S :0« 


3 9 8 


7 9 


C d S 2 0 5 


4 0 1 


8 0 


C d S 2O2 


4 1 0 


7 8 


C d S 20« 


3 8 9 


8 2 


C d S O2 


4 2 0 


7 6 


B i 2 ( S 04)3 


3 6 4 


7 6 


B i 2 ( S 03)3 


3 8 1 


7 5 


B i j(S:07)3 


3 2 4 


7 9 


B i .(SOs)) 


3 4 8 


7 8 


B i 2 ( S 2 0«)3 


3 1 5 


8 1 



EP 0 853 347 A1 



Table 11 -continued 





bal t 


Discharge capacity 


Capacity 


5 




(mAh/g) 


maintenance rate(%) 




B 1 !(S:U3)j 


3 4 6 


7 8 




D 1 j( S 2 0 6^3 


3 2 9 


7 8 




B l 2(8205)3 


3 4 7 


7 6 


10 • 


B t 2(8202)3 


3 5 2 


7 5 




B i 2( S 2 OOs 


3 3 3 


7 9 




B i 2 (S 02)3 


3 7 9 


7 5 




I n 2 ( S 04)3 


4 4 4 


8 3 


15 


I ni(S0i)3 


4 5 9 


8 1 




I n :(S20r)j 


3 9 8 


8 6 




I n 2( S 0s) 3 


4 2 1 


8 3 




I m(SiO!)j- 


3 8 9 


8 5 


20 


Pb(HS0r) 2 


4 3 5 


9 1 




Cd(HS OO2 


3 7 9 


8 9 




C d(H S 03)2 


3 9 8. 


8 8 




Cd(HS 2 0t)2 


3 4 6 


9 2 


25 


Cd(HS OO2 


3 8 2 


9 3 




C d(H S :0.)! 


3 4 1 


9 3 




C d(H S 203)* 


3 7 9 


9 0 




Cd(HS :Oe). 


3 7 0 


9 1 


30 


C d (H S iOs)i 


3 7 4 


9 3 


Cd(HS 202)2 


3 7 9 


8 9 




C d(H S iOOi 


3 6 5 


9 3 




C d(H S 02)2 


3 9 1 


8 9 


35 


B i (H S 04)3 


3 3 7 


8 7 


B i (HS 0o)3 


3 4 9 


8 6 




B i (H S 207)3 


2 9 8 


8 7 




B i (H S 0 5)3 


3 1 5 


8 6 




B i (H S !Oi)i 


2 7 6 


9 0 


40 


B 1 (H S 203)3 


3 13 


8 5 




B i(HSiOs)j 


2 9 8 


8 6 




B 1 (H S iOs)i 


3 13 


8 7 






O C 1 


O A 

0 4 


45 


B i (H S 204)3 


3 0 3 


8 8 




B i (H S 02)3 


3 3 6 


8 6 




ln(HS 04)3 


4 1 6 


9 2 




In(HS 0 3 ) 3 


4 2 0 


9 1 


SO 


I n (HS 202)3 


3 6 7 


9 5 




I n(HS OO3 


3 9 0 


9 4 




I n (H S jOOi 


3 7 4 


9 6 



55 



BNSDOCID: <EP OSS33J7A1 I > 



17 



EP 0 853 347 A1 



Table 12 



Salt 


Di^charpe canaritv 


Caoan tv 




(mAh/e) 


msintenance rate(90 


] n »f SjOi^ 


4 3 2 


R 4 


T PI ■»( ^iflaM 
1 11 i \ O 2 V_/ B / J 




R ^ 
00 


I n if SiOs)j 


4 16 


8 5 


1 n •» f ^ i (l i 1 1 

J 11 2V O I V i/3 


4 3 ? 


Q 9 


1 n .( "5.01)1 

J 11 1\ O 1 V/ 4 > 3 


? Q R 

J >7 (J 


R fi 
0 0 


T n J ^f).!^ 
1 112^0 \j * j 3 


4 5 6 

*> w* U 


B 1 

0 x 


Li n 0 v 4 


3 fi 9 

O O £ 


7 ^ 


7 n 9 n , 

Lt n 0 3 


q 7 Q 


O q 
/ O 


7 n Q . O , 

£ n 0 2 W t 


9 9 /l 

O O £ i 


7 K 


7 n c; 0 . 
n 0 5 


3 4 9 
0 '1 6 


7 


7 n q . n . 
£ n 0 2 u b 


9 9 n 

O £ u 


7 fi 
1 D 


£. n 0 2 u 3 


9/19 
O 1 £ 


7 fi 


u n 0 2 U6 


9 9 n 
0 £ u 


7 fi 


£ n 0 2 u 5 


999 


( D 


0 n 0 2 u 2 


Q C /! 

0 O <i 


7 A 

1 4 


£ n 0 1U1 


9 9 1 
0 L. 1 


7 fi 


4 n 0 Ui 


9 Q 9 
0 O Z 


7 O 
» O 


Mg 0 Oi 


OOO 
OOO 


O 1 
O 1 


\A C C\ 

M g b U 3 


Q C O 


/ y 


M g 0 2 O 7 


O Q 0 

<i y 0 


O A 

a 4 


MgSOs 


0 0 r\ 

3 2 0 


0 2 


M g S 2 0 a 


0 n 0 

d U £ 


O O 

0 3 


M g S 2 O 3 


d Z 0 


0 i 
0 1 


M g 0 2 U 6 


9 n n 
0 U U 


Q O 

Ho 


M g ii 2 O 5 


Oil 

oil 


Q O 
O /i 


\A r~ C 

M g 0 2 U 1 


9 9 Q 
O Z O 


Q O 
O i 


IVl g O 2 KJ * 


9 n fi 

0 U D 


O 9 


Mg J U: 


9/19 
O '1 £. 


7 Q 

/ y 




/inn 
u u ■ 


y 0 


I n (HS1OO1 


9 ft 1 


Q C 

a J 


1 nv.no2t-'8 rf /3 


q q 0 

O i7 \J 




1 N vn 0 iui^i 


4 0 9 

Jul 


Q 1 


I 1 1 v. 1 1 0 a w 4 > 3 


? 7 0 


o? 


I II \ i 1 O \J * ^ 3 


4 2 0 






3 3 3 


8 5 


Z n (H S 03)2 


3 4 2 


8 4 


Z n (H S 202)2 


3 0 0 


8 7 


Z n (H S 0 0» 
Zn(riSiOi). 


3 1 2 


8 6 


2 9 4 


8 5 


Z n(HS .0.): 


3 1 0 


8 5 


• ZnfHSiO.)! 


3 0 0 


8 4 


Z n (H S 2OO2 


3 1 0 


8 6 


Zn(HS:00. 


3 2 5 


8 4 
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Table 12 -continued 



oal t 


Discharge capacity 


Capaci ty 




tmAn/ gj 


maintenance rate(%) 


Znlno:(J4j2 


0 r\ r\ 

2 9 0 


8 6 




3 4 1 


8 4 


\ A . /"II O /"\ A 

Mg(HS 0 *)2 


3 1 2 


9 1 


M g (H S 03)2 


3 3 0 


8 9 


Mg(HS 20-7)2 


2 7 1 


9 3 


MgCH S 0 5 ) 2 


2 9 4 


9 2 


Mg(HS .0.). 


2 7 9 


9 3 


Mg(HS 203)2 


2 9 3 


9 2 


MgCHS 20 6 ) 2 


2 7 6 


9 4 


M g (H S i0s)i 


2 8 8 


9 2 


MgCHS 202)2 


2 9 6 


9 3 


MgCH S 2OO2 


2 7 6 


9 4 


MgCHS 0 2 ) 2 


3 0 2 


9 0 


Table 13 


Salt 


Discharge capacity 


Capacity 




CmAh/g) 


maintenance rate(%) 


G a z( S 0 Os 


3 6 4 


7 6 


G a zC S 0 3)3 


3 8 2 


7 4 


G a 2 (S iQr)j 


3 2 1 


7 9 ! 


G a 2C S 0 5)3 


3 5 2 


7 5 


Gai(SiOi)i 


3 1 2 


7 7 


G a 2(5203)3 


3 5 2 


7 5 


G a :(S j0i)j 


3 3 3 


7 6 


G a !(Sj0s)j 


3 4 2 


7 5 


G a 2C S 202)3 


3 5 4 


7 4 


G a 2CS j0«)» 


3 2 6 


7 6 


G a 2( S 0 2)3 


3 7 5 


7 3 


G e (S 04)2 


4 3 1 


7 8 


/ G e ( S 0 3)2 


4 4 9 


7 5 


G e ( S 2 0 t)» 


3 9 5 


8 1 


G e(SOO. 


4 2 3 


7 8 


G e CS 2OO2 


3 8 6 


8 1 


G e (S 203)2 


4 2 5 


7 7 


G e (S >0>)i 


4 0 1 


8 0 
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Table 13-continued 



s 


Salt 


Discharge caDaci tv 


CaDaci t v 
mo i ntpnanrp tp( % ) 

IIIO XJl LCI Id 1 Id LC \ /\J J 






4 0 R 

*■! \J U 


7 Q 








7 Q 


10 




q q n 
0 y u 


R 9 




Uev.oU2 / )2 


/i q 


7 7 






q r q • 
0 u 0 


0 1 

O 1 N 




L. r :loUi;i 


q R Q 

O U y 


on 


15 


Vvl.5 e K) *)* 


9 O R 
Z b O 


7 Q 


L. o o U< 


Q K O 
O O Z 


Q 9 
O <i 




CoSOs 


0 c 0 
0 b Z 


DA 

O u 




IN I b U < 


Q /I Q 

0 4 y 


O 1 


SO 


G aC.no U 4 ; 3 


q Q Q 

0 0 y 


O D 


/-^ „ / i_r 0 0 N 
Li av.no U 3)3 


q 1: 9 
0 D Z 


C5 0 




G a in 0 2U:Ji 


q n 1 


0 0 




ij a i> n 0 U5^3 


0 1 0 


0 ** 




r 1 ch ? ,n.v 


9 Q 4 
& y 4 


ft fi 


25 


vj av.no 2 u 3^3 


O £• J. 


R 7 




vj aVliO 2v>y3 


? 0 3 

W V w 


8 7 




HafH'iiOsli 


3 18 


8 6 




Ga(HS!02)3 


3 2 1 


8 6 


30 


G a(HS 20<)3 


2 9 6 


8 4 




G aCHS 02)3 


3 4 8 


8 4 




G e(HS 0 « ) 4 


4 12 


8 9 




G e (H S Os).* 


4 2 1 


8 6 


35 


G e (H S zOt)« 


3 7 0 


9 2 




G e (H S Os)< 


3 9 6 


9 0 




G e (H S 2O «■)« 


3 5 6 


9 3 




G e (H S 203)4 


3 8 7 


8 5 


40 


G e (H S 1 0 6)4 


3 7 4 


8 8 




G e (H S 2 0 5)4 


3 7 3 


8 7 




G e (H S 2 0z)4 


3 9 5 


8 9 




G e (H S 204)4 


3 6 5 


9 3 


45 


G e (H S 02)4 


4 0 2 


8 9 


/' 


C r (H S 04)3 


3 2 5 


9 2 




Cr(HS 0 3 ) 3 


3 4 1 


9 0 


7 


W(H S 04)4 


2 7 5 


8 9 


50 


Co(HS 04)2 


3 2 1 


9 2 


C o(H S 0.0» 


3 2 9 


9 0 




N i (H S 04)j 


3 1 9 


9 0 
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Table 14 



£ 


Salt 


Discharge capacity 


Capacity maintenance 

1 at Cl /of 




NiS0 3 


354 


7Q 




C11SO4 


326 




10 


wUVJv/v 

TUfSO-}-, 


o*»u 

0 1 w 


fin 
00 




lvlw 2\* JW 4/3 




OH 




VSO4 


OUu 




15 


IVII iov-^4 




no 




IVII 10V-/3 


000 


on 




FeS04 




O I 


20 






70 

/o 


iMU2l«"~'4J5 


cOr 






CaS0 4 


030 


7fl 




Ca SO, 


*HJO 


7ft 


25 


01 0U4 


0=70 


70 




01 vjv 


•KJ3 






BaS0 4 




7Q 

/ y 


30 


BaSOo 


OOU 


7fi 




NtfHSO->V> 


**Pfi 


OO 




CufHSCU 


ou 1 






vu^n o\w*2y2 


O I *7 


01 

y 1 


35 


TrfHfiO-V, 




on 
yu 




MofHSOj)-. 


299 






VfHSO^ 


274 




40 


MnfHSO^o 


315 


so 




Mn(HS0 3 ) 2 


320 






FefHSOa), 


327 


91 




Fe(HS0 3 )? 


333 


89 


45 


Nb(HS0 4 ) 5 


229 


90 




Ca(HJS0 4 ) 2 


375 


87 




Ca(HS0 3 ) 2 


381 


85 


50 


Sr|HS0 4 ) 2 


375 


87 




Sr(HS0 3 ) 2 


381 


85 




Ba(HS0 4 ) 2 


352 


87 


55 L 


Ba(HS0 3 ) 2 


360 


86 
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Talbe 15 



5 


Salt 


Discharge capacity 
(mAh/g) 


Capacity 
maintenance rate( %) 




M g o. 


i S n o. 


,so< 




5 


0 


3 


8 4 




S r o. 


1 S n o: 


0 S 0 4 




5 


0 


3 


84 


10 


C a o. 




,so< 




5 


0 


3 


8 4 


7 n n 


■ ^ n n 

1 O 11 D. 


B S 0 4 




5 


0 


0 


8 5 




IN 1 0. 


i S n o. 


0 O \J 4 




A 
H 


q 




8 4 




r e o. 


1 O 110. 


0 O \J 4 




A 


q 


0 


8 6 




o o. 


i o n o. 


„ ^ ft 




/I 
H 


Q 
O 


Q 


8 7 


15 


M n o. 


i o n o. 


0 o \J * 




A 


O 


9 

c. 


ft fi 




U U o. 


i S n o. 


B O U 4 




A 


O 
O 


D 


0 0 




M 0 o. 


■ o n o. 


Q ft . 

oo U< 




A 


7 
1 


ft 
D 


ft A 




V o. i 


o n o. a 


C ft 




4 


"7 


0 
0 


ft fi 
O D 


20 


W o. i 


o n o a 


O U 4 






c 
D 


Q 

y 


ft 3 


L r o. 


s o n o. 


C ft 




/I 


1 


b 


ft /I 




M o o. 


c 

2 o n o 


C ft 
7 b U 4 




4 


•7 
1 


b 


ft c: 




M g o. 


i r D o. 


C ft 

0 O U 4 




4 


0 

c. 


U 


ft fi 




o _ 

o r o. 


i r D o. 


C ft 
B C> U 4 




4 


0 
c. 


U 


Q fi 
0 D 


25 


O a o. 


ir Do. 


C ft 
B O U 4 




4 


0 
<i 


U 


ft fi 




£ n o. 


■ P K . 

I r D o. 


_ Q ft . 
B O \J 4 




/I 
^1 


0 


1 


ft 7 
0 1 




M l" r. 

l\ 1 0. 


.Ph.. 
I r u o. 


„ cr ft . 

B O KJ 4 






1 

1 




ft fi 




r e o. 


. P K » 
ir Do. 


„ C ft , 
B O \J 4 




A 


X 


n 


ft 7 


30 


ft ^ 

C O o. 


ir Oo. 


Q ft 

oo U( 




A 
4 


1 
1 


c 

0 


ft ft 


M n o. 


P K 
ir Do. 


C ft 
B O U 4 




/I 


n 
u 


0 
0 


ft fi 




ft 1 1 


i r D o. 


C ft 
B O U 4 




A 

4 


n 
u 


c 
0 


ft 7 




M o o. 


i r D o. 


» Q ft 
» O U 4 




O 


Q 


0 


ft 




V o. I 


r D o. « 


Q ft . 

O U o 




Q 
O 


Q 

0 


7 


ft ^ 


35 


VV 0. 1 


P K » . 
r D o. 8 


C ft , 






7 


c 
0 


ft ^ 




P r r. 


•.Phi. 


7 O. V-J 4 






0 


7 


8 4 




\A n n 
ivi u o. 


» P h n 
2 i U 0. 


7 "5 O A 
7 O V-/ * 




3 


n 


Q 


8 5 




ivi g 0. 


i S n o 


<> ( H 55 O 


* J * 


4 


8 


1 


9 4 


40 


Sri. 


i 3 n o 


b(H s 0 


4)j 


4 


8 


1 


9 4 




Can. 


i S n o 


b(H s o 


4)2 


4 


8 


1 


9 4 




Z n o. 


i S n o 


b(H S 0 


4). 


4 


7 


9 


9 5 




N i o. 


i S n o 


b(H s 0 


4)2 


4 


7 


0 


9 5 




F e o. 


i S n o 


b(H s 0 


<)> 


4 


7 


6 


9 5 


45 


C 0 o 


i S n o 


.(H s 0 


4) S 


4 


6 


9 


9 4 




M n o 


i S n o 


.(H S 0 


4). 


4 


6 


5 


9 6 




C U o 


iS no 


»(H S 0 


4)> 


4 


6 


2 


9 4 




M o o 


i S n o 


.(H S 0 


4) 2 


4 


5 


9 


9 5 


SO 


v.. . 


S n i. » 


(H SOO 


2 


4 


5 


1 


9 5 




Wo. 1 


S n o. a 


(H SO.) 


> 


4 


3 


2 


9 4 




C r o 


i S n o 


r(HS 0 


4)2 


4 


5 


5 


9 4 
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Table 15-continued 



Salt 


Discharge capacity 
CmAh/g) 


Capaci ty ' 
maintenance rate(%) 


M o o 


*S no. t(H S 0«)t 


4 5 2 


9 5 


M g o 


. P bo 9 (H S 0.)) 


3 9 4 


9 5 


S r o 


. P bo. .(H S OO* 


3 9 4 


9 5 


C a o 


> P bo .(HSOOi 


3 9 4 


9 5 


2 n o 


i P b o 9 (H S OO: 


3 9 4 


9 4 


N i o 


iPbo 9 (H S 0.0» 


3 8 4 


9 7 


F e o 


. P bo ,(HSO.) 2 


3 8 1 


9 5 


C O o 


i P bo. e ( H S 00* 


O O A 

3 8 4 


9 6 


M n o 


. P bo .(HSOO! 


3 8 1 


9 5 


C U o 


.Pb...(HSOOi 


3 8 6 


9 6 


M o o 


. P b o 8 (H S OO* 


3 7 0 


9 5 


V, , 


P b o .(H SOO) 


3 6 8 


9 4 


Wo , 


P b o. S (H S OO* 


3 5 9 


9 5 


C r o 


a P b« -(HSOOi 


3 6 4 


9 4 


Mo» 


:Pb. r(H S 00* 


3 6 8 


9 4 



Table 16 



Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 


< M go.3 ln o.a)2(S0 4 ) 3 


410 


85 


(Zn 03 lno 8 ) 2 (S0 4 ) 3 


406 


86 


(Nio.3lno.8)2(S0 4 ) 3 


398 


86 


(Co 03 Bi 0 .8)2(S0 4 ) 3 


333 


80 


(Fe 0 . 3 Bi 0 .B)2(SO 4 ) 3 


325 


82 


(Mn 0 .3Bi 0 a) 2 (SO 4 ) 3 


330 


80 


Sn(S0 4 )o. 5 (HS0 4 ) 


498 


90 


Pb(SO 4 ) 05 (HSO 4 ) 


425 


90 


ln2(S0 4 ) 2 . 5 (HS0 4 ) 


425 


90 


Bi 2 (S0 4 ) 2 5 (HS0 4 ) /' 
Co 0 . 3 ln 0 . 8 (HSO 4 ) 3 y 


343 


84 


379 


94 


Feo. 3 lno.8(HS0 4 ) 3 /' 
Mn 0 . 3 ln 0B (HSO 4 ) 3 / 


370 


95 


368 


95 


M 9o.3Bio. 8 (HS0 4 ) 3 


298 


90 


Zn 0 .3Bi 0 .8(HSO 4 )3 


289 


89 


N'0.3Bi 0 .B(HSO 4 ) 3 


295 


91 


Sn(SO 4 ) 0 . 9 (HSO 4 ) 0 2 


519 


86 
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Table 1 6 (continued) 



Salt 


Discharge capacity 


Capacity maintenance 




(mAh/g) 


rate(%) 


Pb(S0 4 )o.9(HS0 4 )o.2 


. 438 


87 


ln 2 (S0 4 )2. 9 (HS0 4 )o.2 


438 


86 


Bi 2 (SO 4 ) 2 . g (HSO 4 ) 0 .2 


350 


80 



io After the conclusion of cathode polarization of the test cells in the tenth cycle, the test cells were decomposed. No 
deposit of metallic lithium was observed in any of the test cells of Example 4. 

The batteries using the metal or semi-metal sulfate, sulfite, disulfate, peroxomonosulfate, peroxodisulfate. thiosul- 
fate, disulfite, thiosulfite, hydrogensulfate. thionate. or sulfoxylate of Example 4 as the anode active material have the 
improved cycle characteristics, compared with the prior art metal oxides. Especially the use of hydrogensulfates has 

75 remarkably improved the cycle characteristics. 

Example 5 

The electrode characteristics of various salts of oxo-acids of selenium specified in Tables 17 through 20 and used 
so as the anode active material were evaluated in Example 5. 

Tables 17 through 20 show the discharge capacities of the test cells and the capacity maintenance rates of the 
cylindrical batteries at the 100-th cycle measured under the same conditions as those of Example 1 . 



25 



30 



35 



40 



45 



50 
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Table 17 



Salt 


Discharue ranarifv 

V uin 11/ 


13 nor 1 
paw 1 I y 

UkJ X 11 Lfc. 1 IcJi ILC id lev / 


A Ii(SeOOi 


3 6 2 

W 4C 


ft ^ 

0 0 


A li(SeOi)i 


qj!7 

XJ \J I 


O u 


Sn(Se Oi)i 


4 fi ? 

*i U £ 


0 4 


II V V C \J 3 J 2 


4 ft 3 
*i O O 


0 1 

0 1 




1 9 
3 I £ 


0 3 




£\ 9 1 


8 0 


OHIO C VJ 5 


c q /i 
0 0 4 


7 9 


o i v.cs e 


O R A 

d 0 4 


8 4 




O 7 O 


8 0 


p l, Q o P . 
r D o 6 Ui 


>t 0 0 
4 d <£ 


8 5 


p k c . n 
r D o e U J 


■I 1 c 


8 2 


D K c « p 


4 9 8 


8 0 


p J C a p 


dob 


8 0 


p w c « p 
Q o e u » 


0 n n 
d 9 9 


7 8 


i3 i , v, o e u * 


0 0 n 

0 0 9 


7 7 


t> i ii a e Uj;j 


3 4 9 


7 2 


1 Iiho S U»;i 


4 Z 1 


8 5 


i ri - f c o p ^ 
J n :l o e Uaja 


/i 0 a 

4 0 8 


8 3 


7 i-i Q <=> Pi 

6 n o e u 4 


Q 0 n 
OOb 


7 4 


7 n Q »» P . 

z. n o e u a 


O /I Q 

d 4 0 


7 0 


X,< ~ C of"). 

ivi g o e \J 4 


q t n 
0 1 U 


8 2 


m g o e U 3 


d Z 1 


7 9 




0 0 n 
0 0 9 


7 5 




*3 A O 

0 4 9 


7 3 


p o /■ C „ p N 


4 0 5 


7 7 


P 0 f C o p _ ~\ . 

vj e v, 0 e \j 3 )2 


/ion 
4 i. U 


7 2 


A 1 C U Q - p > 
/\ 1 v. n 0 e Uijs 


0 4 1 


9 2 


A 1 ( IJ Q 0 p ^ 

/\ lino 6 Uvi 


do* 


8 9 . 


O 1 1 \ i 1 0 c W 4 y 4 


/I /l 9 
'1 £ l c. 


0 0 


oiiv.no ewa/4 


A R 7 
4 D <C 


9 d 


SnCHS e O.), 


4 ft q 


Q A 

y fi 


S n(HS e O a). 


5 0 1 


Q n 


S n S e 0 5 


5 0 8 


8 4 


S i (HS e 04>4 


3 4 2 


9 2 


S i (H S e Oa>4 


3 4 7 


9 0 


Pb(HS e 04), 


4 1 2 


9 3 


P b(H S 5O1)' 


4 2 1 


9 2 


P b S e 0* 


4 2 5 


8 5 


C d(HS e 04), 


3 6 4 


9 0 


C d(H S e 0 3 ), 


3 7 4 


8 8 


-B i (H S e 04), 


3 1 4 


8 9 


B i (H S eOO. 


3 2 1 


8 6 
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Table 17 -continued 



oai l 




1 ir>o^» 1 til 

v^apaciiy 






mai n cenance 


i ii v n o cw</3 


■3 q 7 




1 n(HS e 0 3 )3 


4 0 9 


9 3 


Z n(HS e 00* 


3 15 


8 5 


Z n(HS e 0 3 ) 5 


3 2 0 


8 3 


Mg(HS e OO2 


2 8 9 


9 2 


Mg(HS e 0:0* 


3 0 1 


8 7 


G a (H S e OOi 


3 1 4 


8 6 


G a (H S c 03)3 


3 2 4 


84 


G e (H S e 00< 


3 8 5 


8 6 


G e (HS e00< 


3 9 6 


8 3 



Table 18 



Salt 


Discharge capacity 


Capacity 




CmAh/g) 


maintenance rate(%) 


Cn(Se 04)3 


3 2 1 


.7 5 


Cr«(SeOOi 


3 3 1 


7 6 


W(S e OOi 


2 5 7 


7 2 


C 0 S eO. 


2 8 6 


7 3 


C 0 S e 0 3 


2 9 7 


7 6 


NiS'eO- 


2 8 6 


7 6 


NiSeO. 


2 9 9 


7 6 


C u S e 0. 


2 8 7 


7 3 


CuSeO) 


2 8 9 


7 4 


T ii(SeO.)» 


2 5 3 


7 7 


Mo2(Seo4>3 


2 2 3 


7 3 


VSeO. 


2 8 2 


7 9 


Mn S eO. 


2 6 5 


7 3 


Mn S 6 0 1 


2 7 6 


7 5 


F e S e 0 4 


2 8 2 


7 4 


F e S e 0 3 


2 9 3 


7 5 


Nb>(Se 04) s 


2 1 5 


7 5 


C a S e 0. 


3 2 1 




CaSeOi 


3 3 4 


7 6 


SrSeOi 


3 3 4 


7 6 / 


BaSeO. 


3 4 5 


7 3 y 


~laSeO. 


3 5 3 


7 4 


Sbi(Se 04)3 


3 6 4 


7 2 
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Table 18 -continued 



Sal t 


Discharge capacity 
(mAh/g) 


Capacity 
maintenance rate(%) 


I n(SeOO) 


3 4 5 


7 3 


C r(HS eOO) 


3 0 5 


8 4 


C r (H S e 0 3 ) 3 


3 1 4 


8 6 


W(HSeO.)< 


2 3 4 


8 3 


Co(HS e 0«)> 


2 6 1 


8 2 


C o(H S e Oj), 


2 7 1 


8 5 


N i (H S e 04)1 


2 6 4 


8 4 


N i (HS e O3), 


2 7 4 


8 5 


C u (H S e 04)j 


2 6 4 


8 4 


C u (H S e 0 3)1 


2 5 9 


8 4 


T i (H S e 04)3 


2 3 0 


8 6 


MoCHS e 04)3 


2 0 1 


8 4 


V ( H S e 0*), 


2 6 1 


8 9 


Mn (H S e 0.): 


2 4 1 


8 2 


Mn (H S e OO. 


2 5 1 


8 4 


F e (H S e OO. 


2 6 0 


8 6 


F e (H S e Oj), 


2 7 1 


8 5 


NbCHS e 04) 5 


1 9 5 


8 4 


C a (HS e O4), 


3 0 1 


8 2 


C a (H S e Oa), 


3 0 9 


8 5 


S r (H S e O3), 


3 0 9 


8 5 


B a (H S e 0.), 


3 1 4 


8 4 


D a (II S eO.)> 


3 2 1 


8 3 


S b(H S e 04)3 


3 3 5 


8 6 


I r(HS e 04)3 


3 1 5 


8 5 



35 



Table 19 







Salt 


Discharge capacity 
(mAh/g) 


Capacity 
maintenance rate(96) 


40 


M g 0. 1 


S n 0. • S e O 4 


4 8 6 


8 5 




Z n 0. 1 


S n 0. « S e O 4 


4 8 4 


8 6 




Nil. 1 


Sn«.iSeOi 


4 7 2 


8 5 




F e 0. 1 


S n 0. s S e 0 4 


4 7 1 


8 6 


45 


C 0 0. 1 


S n 0. « S e 0 4 


4 7 6 


8 7 


M n 0 1 


S no. 0 S e 0 4 


4 8 3 


8 4 




C u 0 1 


SniiSed 


4 7 5 


8 5 




M 0 0. 1 


S n 0. » S e 0 4 


4 6 5 


8 6 




Vo. , S 


n 0. 0 S e 0 4 


4 5 9 


8 8 


SO 


Wo. , S 


no. 0 S e 0 4 


4 4 3 


8 8 




C r on 


S n 0. 7 S e 0 4 


4 3 3 


8 6 




C a 0. 1 


S n 0. • S e 0 4 


4 9 2 


8 5 
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Table 19 -continued 



Salt 


Discharge capacity 
CmAh/g) 


Capacity 
maintenance rateC%) 


S r o 


i S n i. i S e 0 * 


4 


9 


2 


8 5 


B a o 


iSno BSeOi 


4 


7 


5 


8 6 


M g o. 


i P b o » S e 0 4 


4 


1 


5 


8 5 


Z n o. 


. P b o. .-S e 0 . 


4 


0 


9 


8 6 


N i o. 


. P b o. o S e 0 4- 


4 


1 


4 


8 7 


F e o 


i I 5 b o .SeO. 


4 


0 


J 


8 8 


C O o. 


i P b o. o S e 0 4 


4 


0 


5 


8 6 


M n o. 


i P b o. o S e 0 4 


4 


0 


3 


8 4 


C U o 


i P b o . S e 0 4 


4 


0 


2 


8 5 


M o o. 


t P b o. • S e 0- 


3 


9 


4 


8 5 


Vo ■ 


P b o. . S e O 4 


3 


9 


6 


8 4 


Wo. 1 


P b o. . S e O . 


3 


7 


9 


8 6 


C r o. 


i P b o. iSeO< 


3 


6 


8 


8 5 


C a o. 


■ P b o. . S e 0 4 


4 


0 


8 


8 5 


S r o. 


i P b o. . S e 0« 


4 


0 


8 


8 5 


B a o. 


i P b o. o S e 0 4 


3 


8 


1 


8 6 


M g o. 


. S n o. .(H S e O 4)2 


4 


5 


3 


9 4 


Z n o. 


iSno.i(HSeO.)i 


4 


G 


1 


9 6 


N i o. 


iSno. o(HSe04)j 


4 


5 


3 


9 5 


F e o 


iS no o(HS e04)j 


4 


4 


9 


9 4 


C O o. 


iSni i(HSeOt)i 


4 


4 


8 


9 5 


M n o. 


iSno. «(HSe04)j 


4 


5 


7 


9 2 


C U o. 


i-Sno. «(HS eOOi 


4 


5 


3 


Q A 

9 4 


M O o. 


ib no. itHbeUiJi 


4 


4 


1 


y O 


V o. i 


o n i. nn o e U«J> 


4 


o 
6 


2 


y i 


VV 0. 1 


o n o. a v. n o e u«^i 


/i 


o 

£. 


n 
U 


Q R 

y d 


r o. 


>o no. 7v.no e u 


/t 


1 
1 


o 


q k 


Pan 
V-< a 0. 


i o no. ov.no c u *yi 




7 


n 
u 




S r o. 


i S n o. o(H SeOOi 


A 
H 


7 


n 
u 




B a o. 


iSno.>(HSeOOi 


A 


A 


Q 
O 


q 4 


M g o. 


>Pbo ,(HS eOO> 


"3 
O 


a 
o 




Q 4 


Z n o 


i P bo. t(H S e OO: 


Q 
O 


n 
o 


q 


9 5 


N i o. 


. P bo .(H S e O*). 


O 


Q 

y 


l 
l 


9 6 


F e o 


>Pb...(HS e 04), 


Q 


7 


l 

J. 


9 8 


C O o 


. P bo .(H S e 0.)> 


3 


7 


9 




M n o. 


i P b o. i(HS e 0<). 


3 


7 


1 


9 5 


C U o. 


,Pb..,(HS e OO. 


3 


7 


6 


9 6 


M o o. 


,Pb,..(HSe O.). 


3 


7 


0 


94 


Vo. . P b 6. .(H S e OO. 


3 


6 


9 


9 5 


Wo. , 


P b o. .(HS e 0.)> 


3 


4 


9 


,9 7 


C ruPb». ?(HS eOO* 


3 


3 


3 


,9 6 


C a o 


. P b o. .(H S e 0.)j 


3 


7 


9 


/ 9 4 


S r o. 


.P bo. .(H S e 0.)< 


3 


7 


9 


9 4 


B a o 


iPbi.i(HSeO.)> 


3 


5 


3 


9 6 
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Table 20 



Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenarate 
rate(%) 


(Man -jinn a)?(SeO,i)3 


398 


86 


(Znn -^Inn nipfSeOd)-? 

\ U.O U.OV 1 * *t/0 


387 


87 


(Ni n Tln n aWSeO^a 

\ U.O "U .O/fi * O 


379 


86 


(Con -jBin n);>(Se0 4 )i 


318 


80 


(Fen ^Bin ft)o(SeO^)q 


310 


82 


(Mn 0 3 Bi 0 B ) 2 (Se0 4 ) 3 


320 


82 


Co 0 .3lno.8(HSe0 4 )3 


374 


95 


Peo.3lno.8(HSe0 4 ) 3 


361 


98 


Mno.3'no.8( H Se0 4 ) 3 


348 


96 


Mgo.3Bio. 8 ( H Se0 4 ) 3 


279 


91 


Zn 0 3 Bi 0 8 (HSe0 4 ) 3 


284 


92 


Ni 0 .3 Bi 0.8(HSeO 4 ) 3 


298 


93 



25 After the conclusion of cathode polarization of the test cells in the tenth cycle, the test cells were decomposed. No 
deposit of metallic lithium was observed in any of the test cells of Example 5. 

The batteries using the metal or semi-metal selenate. selenite. hydrogenselenate, or hydrogenselenite of Example 
5 as the anode active material have the improved cycle characteristics, compared with the prior art metal oxides. Espe- 
cially the use of hydrogenselenates and hydrogenselenites has remarkably improved the cycle characteristics. 

30 

Example 6 

The electrode characteristics of various salts of oxo-acids of tellurium specified in Tables 21 through 23 and used 
as the anode active material were evaluated in Example 6. 
35 Tables 21 through 23. show the discharge capacities of the test cells and the capacity maintenance rates of the 
cylindrical batteries at the 100-th cycle measured under the same conditions as those of Example 1 . 
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Table 21 



Salt 


Discharge capacity 


Capacity 




CmAh/g) 


maintenance rate(%) 


A 1 i(T e 04)3 


3 


4 


r 

U 


D 

0 


0 


S n T e 0 ■< 


4 






ft 
0 


4 


55 n T e 3 O s 


q 


« 
0 




ft 
0 


7 
1 


S n 3 T e 0 6 


A 


0 
0 


Q 


G 


D 


S i (T e OOi 




q 


7 


ft 

0 


q 


P b T e 0 4 


A 


n 




ft 

0 


A 


P b T e 3 Os 


3 


5 


2 


ft 

0 


C 

v> 


PbiTeOs 


4 




q 


a 
0 




C d T e 0 * 




\J 


4 


7 


Q 


B i :(Te 0*)i 


q 


1 

JL 




7 


Q 

a 


B i jT e Os 


3 


4 




7 


7 
1 


I n j( T e 0 h)s 


3 
0 


O 
O 


4 


Q 
O 


9 


I mTeOi 

4 |14 A **** W 


A 


n 




Q 
O 


n 
u 


SbiTeOi 


q 
0 


Q 
O 


4 


7 


0 
0 


I riTeOs 


q 


C 
O 


X 


/ 


D 

0 


Z n T e 0 4 


q 


n 


0 


■7 


D 


M a T p O 4 


£. 


0 
0 


Q 


Q 
O 


1 
1 


C a » T e O » 

\J CI 2 X & \_/ D 




1 
1 


y| 
1 


n 
I 


/I 


CpfTp'O,), 


q 


7 
* 


0 


7 


c 
u 


T i 7 T e O b 


2 


2 


1 


7 


ft 


C nTeOs 

AAA w v 


2 


8 


7 


7 


4 


N i T e 04 


2 


5 


3 


7 


6 


F e T c 0 4 


2 


5 


4 


7 


5 


M n T e O4 


2 


4 


7 


7 


4 


C 0 T e O4 


2 


5 


3 


7 


5 


VT e 04 


2 


4 


1 


7 


6 


C u T e 04 


2 


5 


1 


7 


5 


A 1 (HT e 04) s 


3 


1 


9 


8 


9 


S n(HT e 04)2 


3 


9 


7 


9 


0 


SnHJeOi 


3 


5 


9 


9 


5 



45 

/' 

.'/ 

so I 



55 



BNSDOCID .«.'t P 0l)St.V7A1 I. > , ■ . - 



EP 0 853 347 A1 



Table 21 -continued 



Salt 


Discharge capacity 


Canac i tv 




(mAh/e) 


ma i n f-pna nr~P ra e>( *J£ ^ 


S n * H jT e 0 s 


4 5 9 


9 4 


S i (HT e 0«)« 


3 0 7 




P b(HT c 0*h 


3 7 2 


9 ? 


P b II ,TeO. 


3 2 1 


9 4 


Pb^H.TeO. 


4 2 6 


9 3 


C d(HT eOO. 


3 2 0 


9 0 


B i (HT eO<)3 


2 8 4 


8 7 


B i HiTeOt 


3 1 4 


8 7 


I n (HT e 0.)= 


3 5 9 


8 9 


I nHJ e 0 6 


3 7 4 


9 0 


S b H jT e 0 s 


3 5 2 


8 9 


I rHiTeOs 


3 2 1 


8 8 


Z n (HT c 0^)2 


2 7 5 


8 6 


M g(H S e 0«) 2 


2 6 4 


(J «J 


G a H 3 T e 0 b 


2 7 5 




G e (HT e 0.)< 


3 4 2 


8 6 


T i HiT eOe 


1 9 8 


8 7 


CrHiTeOs 


2 5 5 


8 6 


N i (HT e 0-): 


2 3 4 


8 7 


Fe(HS e 0.). 


2 2 9 


8 6 


M n (HT e 0O> 


2 1 9 


8 5 


C o(H S e 04)2 


2 1 8 


8 5 


V(HT e 04)2 


2 1 4 


8 7 


C u(HT e O4), 


2 1 6 


8 5 



Table 22 



Salt 


Discharge capacity 
(mAh/g) 


Capacity 
maintenance rate(as) 


MoTeO. 


2 3 4 


7 3 


W(T e 04) 2 


2 1 5 


7 3 


C a T e O4 


3 1 5 


7 4 


S rTeOi 


3 1 5 


7 4 


B a T e 0 4 


3 0 5 


7 5 


Mgo iSno. JeOi 


4 0 2 


8 6 


Cagt.iSnt.iTeOt 


4 0 2 


8 6 


S r go. iSni.JeOt 


4 0 2 


8 6 


Zno. iSno. iT e 0< 


4 0 5 


8 5 


N i 0 1 S n 0. . T e 0 4 


4 0 0 


8 6 


Feo. iSni.iTeO< 


3 9 8 


8 7 


Coo. iSn«.iTeOi 


3 9 6 


8 6 


Mno iSn».iTeO< 


3 8 9 


8 5 


C u o"~~i S no. JeOi 


3 9 0 


8 5 


Moo. iSniiTeO* 


3 7 9 


8 7 



55 
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Table 22-continued 



Salt 


Discharge capacity 
(mAh/g) 


Capacity 
maintenance rate(56) 


Vo iSn». iTeO< 


3 7 8 


8 8 


Wo. i S n o. » T e 0 4 • 




3 6-9-—- 




Cro.iSno.iTeO. 


3 7 4 


8 6 


M g o. . P b o. ,T e 0. 


3 7 5 


8 6 


C a o. . P b o o T e 0 < 


3 7 5 


8 6 


Sro.Pbo.TeO-. 


3 7 5 


8 6 


Z n o . P b o . T e 0 * 


3 7 9 


8 5 


N i o. iP bo. >TeO< 


3 7 0 


8 7 


Feo. iPbo. iTeO< 


3 6 7 


8 8 


Coo i P b o. o T e O 4 


3 6 8 


8 7 


Mno iPbo.«TeO< 


3 6 4 


8 6 


Cuo. iP bo. .TeO. 


3 6 2 


H 7 


Moo. iPbo.oTeO< 


3 5 4 


8 7 


Vo. i P b o. oT e Oh 


3 5 2 


R K 
0 0 


Wo. i P b o. ,T e 0. 


3 4 1 


R *\ 


Mo(HT e 0.)i 


2 1 5 


R 1 

0 1 


W(H T e 04)4 


1 8 5 


O £. 


C a (HT e 04)2 


2 8 Q 

<v> U J 


R A 


Sr(HTeOO: 


9 R Q 

C \J y 


Q A 
O 4 


Ba(HTeO.)o 


? 7 Q 


HQ 
O O 


Mgo iSno. i(HTeO<)i 


? 7 


y o 


Cao. iSno. o(HTe04)j 


3 7 S 


Q <^ 

y d 


S r 0.^1 S n 0. .(HT e 0*)i 


3 7 5 


y d 


Z n 0. 1 S n 0 o(HT e 0«)i 


3 7 9 


y *i 


N i t. 1 S n 0. .(HT e 0^). 


3 7 4 


if O 


Fe. 1 S n 0 .(HT e 0 ( ): 


3 7 0 


Q fi 


C 0 0. 1 S n 0. .(HT e 0 4)2 


3 7 5 


01; 


Mn 0 1 S n 0 .(HT e O<)i 


3 6 9 


Q 4 


C u 0. 1 S n 0 .(HT e Oh)2 


3 7 1 


9 4 


M 0 0. 1 S n 0 »(HT e 0 4)2 


3 5 2 


9 5 


Vo. o S n 0. .(HT e 0.)i 


3 4 9 


9 7 


Wo , S n 0. .(HTeOOi 


3 4 2 


9 5 


Cr..,Sn.. 7 (HT e 0.). 


3 4 4 


9 4 


Mgo. . P bo. .(HT e O4), 


3 3 5 


9 5 


Cao 1 P b 0. .(HT e 04)2 


3 3 5 


9 5 


S r 0. 1 P bo. .(HT e 04)2 


3 3 5 


9 5 


Z n 0. > P bo. .(HT e OO: 


3 3 9 


9 4 


N i 0. 1 P bo. .(HT e O*), 


3 4 8 


9 5 


Feo . P b 0 .(HT e 0.)> 


3 3 2 


9 6 


Coo. > P b 0. .(HT e 0O> 


3 2 1 


9 5 


Mn.. 1 P bo. .(HT e 0.)> 


3 2 2 


9 4 


C u-tr- iPbi. i(HTeOi): 


3 3 7 


9 5 


Mo 0 , P bo. .(HT e O*), 


3 2 6 


9 4 


Vo. , P b .. .(HT e O4), 


3 2 2 


9 5 


W. , P b . .(HT e 04), 


3 2 0 


9 6 
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Table 23 



Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 


Cr n sPbn 7TeO<i 


361 


84 


(MOn -ainn n)oTeOc 


374 


82 




370 


83 


V c 0.3 0.8*2 o 


364 


84 


I bO.3 0.8/2 ■ cw 6 


315 


79 


\^ ,, 0.3 D, 0.8/2 lcw 6 


318 


80 


V c 0.3 t,l 0.8/2 ' cv - / 6 


308 


81 


Cr 0 2 Pb 0 7 (HTe0 4 ) 2 


337 


93 


Cr 0 3 lno 8 H 3 Te0 6 


351 


93 


Ni 0 3 ln 0 8 H 3 Te0 6 


341 


92 


Mn 0.3 ln 0.8 H 3 TeO 6 


338 


92 


Co 0 . 3 Bi 0 . 8 H 3 TeO 6 


287 


88 


Ni 0 . 3 Bi 0 . 8 H 3 TeO 6 


286 


90 


Mn 0 3 Bio.8H3Te0 6 


279 


90 



After the conclusion of cathode polarization of the test cells in the tenth cycle, the test cells were decomposed. No 
deposit of metallic lithium was observed in any of the test cells of Example 6. 
30 The batteries using the metal or semi-metal tellurate or hydrogentellurate of Example 6 as the anode active mate- 
rial have the improved cycle characteristics, compared with the prior art metal oxides. Especially the use of hydrogen- 
tellurates has remarkably improved the cycle characteristics. 

Example 7 

35 

The electrode characteristics of various metal and semi-metal hydrogenphosphates. phosphinates. and phospho- 
nates specified in Tables 24 through 27 and used as the anode active material were evaluated in Example 7. 

Tables 24 through 27 show the discharge capacities of the test cells and the capacity maintenance rates of the 
cylindrical batteries at the 100-th cycle measured under the same conditions as those of Example 1 . 



Table 24 



Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 


AI(PH 2 0 2 ) 3 


366 


83 


AI 2 (PH0 3 ) 3 


353 


84 


AI 2 (HP0 4 ) 3 


348 


85 


AI(H 2 P0 4 ) 3 


315 


87 


Sn(PH 2 0 2 ) 4 


412 


88 


Sn(PH0 3 ) 2 


455 


89 


Sn(HP0 4 ) 2 


452 


88 


Sn(H 2 PQ 4 ) 4 


384 


89 




452 


82 



33 
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Table 24 (continued) 





Salt 


(mAh/g) 


OdpaCiiy rndinierionce 
rate(%) 


5 


SnPH0 3 


486 


92 




SnHP0 4 


485 


95 




Sn(H 2 P0 4 ) 2 


402 


86 . 




Si(PH 2 0 2 ) 4 


304 


85 


'0 


Si(PH0 3 ) 2 


332 


86 




Bi(PH 2 0 2 ) 3 


333 


82 




Bi 2 (PH0 3 ) 3 


345 


83 


15 


Bi 2 (HP0 4 ) 3 


340 


83 . 




Bi(H 2 P0 4 ) 3 


324 


85 




ln(PH 2 0 2 ) 3 


365 


82 


20 


ln 2 (PH0 3 ) 3 


380 


81 


ln 2 (HP0 4 ) 3 


377 


83 




it hi i 2 i w 4 /3 


333 


86 




Zn(PH 2 0 2 ) 2 


298 


83 


25 


ZnPH0 3 


298 


83 




ZnHP0 4 


295 


83 




Zn(H 2 P0 4 ) 2 


264 


84 




Mg(PH 2 0 2 ) 2 


281 


84 


30 










MgPH0 3 


288 


83 


35 




Table 25 






Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 


40 


Si(HP0 4 ) 2 


322 


87 




Si(H 2 P0 4 ) 2 


285 


88 


■ 


Pb(PH 2 0 2 ) 2 


420 


85 




PbPH0 3 


425 


85 


45 


PbHP0 4 


418 


89 




Pb(H 2 P0 4 ) 2 


405 


90 




Cd(PH 2 0 2 ) 2 


380 


82 


SO 


CdPH0 3 


385 


83 




CdHP0 4 


384 


83 




Cd(H 2 P0 4 ) 2 


375 


86 




Sb 2 (HP0 4 ) 3 


321 


82 


55 ■ 


Ti 2 (HP0 4 ) 3 


275 


84 




V 2 (HPQ 4 ) 3 


250 


85 



34 
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Table 25 (continued) 





Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 


s 


Cr 2 (HP0 4 ) 3 


284 


84 




Mn2(HP0 4 ) 3 


275 


85 




MgHP0 4 


286 


84 




Mg(H 2 P0 4 ) 2 


267 


87 


10 


Ga(PH 2 0 2 ) 3 


321 


82 




Ga 2 (PH0 3 ) 3 


335 


83 




Ga 2 (HP0 4 ) 3 


325 


84 


15 


Ga(H 2 P0 4 ) 3 


305 


86 




Ge(PH 2 02) 4 


367 


83 




GetPHOaJa 


382 


84 


" 

20 


Ge(HP0 4 ) 2 


375 


87 


Ge(H 2 P0 4 ) 4 


342 


89 




Fe 2 (HP0 4 ) 3 


264 


85 




CoHP0 4 


264 


84 


25 


NiHP0 4 


261 


84 




CuHP0 4 


275 


85 



30 

Table 26 



Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 


SrHP0 4 


332 


85 


Cao. 2 Sn 08 HP0 4 


451 


88 


Sr 02 Sn 0 . 8 HPO 4 


451 


88 


Ba 0 ^Sn 08 HPO 4 


432 


89 


Zn 02 Sn 0 .eHPO 4 


437 


92 


Feo^Sno 8 HP0 4 


441 


91 


Nio.2Sn 0 . 8 HP0 4 


438 


92 


Co 0 ^Sno.8HP0 4 


442 


92 


Mn 02 Sn 08 HPO 4 


429 


90 


Ti 02 Sno 7 HP0 4 


415 


91 


Cu 02 Sn 0 8 HP0 4 


429 


92 


Cr 0.2 Sn 0.7 HPO 4 


418 


93 


V 0 . 2 Sno 8 HP0 4 


404 


91 


WcSno.eHPO^, 


406 


90 


BaHP0 4 


312 


86 


Cao. 2 Pbo. 8 HP0 4 


372 


90 



35 
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Table 26 (continued) 





Octll 


uiscnarge capacity 
(mAh/g) 


oapacrcy maintenance 
rate(%) 


5 


Sfo.2 p b 0 .8HP0 4 


372 


90 




_B§o.2E b o.aHPp4__ 


. 359 


" 91 . . I- : 




Zn 0 2 Pbo. 8 HP0 4 


382 


93 




Fe 0 .2Pbo.8HP0 4 


374 


94 


10 


Ni O 2 Pb 0 8 HP0 4 


368 


93 




Co 0 . 2 Pbo. 8 HP0 4 


376 


92 




Mn 02 Pb 0 . 8 HPO 4 


374 


93 


15 


Tio. 2 Pb 0 . 7 HP0 4 


369 


94 




Cuo. 2 Pbo. 8 HP0 4 


371 


93 




Cro. 2 Pbo. 7 HP0 4 


368 


95 


SO 


V 0 . 2 Pb 0 . 8 HPO 4 


365 


93 


W o1 Pb 0 . 8 HPO 4 


345 


93 



Table 27 



Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 


Sn 2 (P 2 0 7 ) 0 . 9 (HP0 4 )o. 2 


495 


82 


Sn 2 (P 2 0 7 )o. 8 (HP0 4 )o. 4 


490 


88 


Pb 2 (P 2 0 7 )o. 9 (HP0 4 ) 0 . 2 


425 


80 


Pb 2 (P 2 O 7 ) 0 . 8 (HPO 4 ) 0 . 4 


422 


82 



35 

After the conclusion of cathode polarization of the test cells in the tenth cycle, the test cells were decomposed. No 
deposit of metallic lithium was observed in any of the test cells of Example 7. 

The batteries using the metal or semi-metal hydrogenphosphate. phosphinate, or phosphonate of Example 7 as 
40 the anode active material have the improved cycle characteristics, compared with the prior art metal oxides. 

Example 8 

The electrode characteristics of various metal and semi-metal cyanides, cyanates, and thiocyanates specified in 
45 Tables 28 through 30 and used as the anode active material were evaluated in Example 8. 

Tables 28 through 30 show the discharge capacities of the test cells and the capacity maintenance rates of the 
cylindrical batteries at the 100-th cycle measured under the same conditions as those of Example 1 . v 

i 

so Table 28 / 



Salt 


Discharge capacity 


Capacity maintenance 




(mAh/g) 


rate(%) 


AI(CN) 3 


382 


76 


AI(SCN) 3 


286 


82 


AI(ONC) 3 


364 


80 



36 
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Table 28 (continued) 



Oclfl 


Dscharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 


Sn(CN) 4 


529 


85 


Sn(SCN) 4 


326 


92 


Sn(ONC) 4 


436 


90 


Sn(CN) 2 


537 


82 


Sn(SCN) 2 


487 


95 


Sn(ONC) 2 


506 


93 


Si(CN) 4 


315 


76 


Si(SCN) 4 


292 


82 


Si(ONC) 4 


310 


79 


Pb(CN) 2 


454 


82 


Pb(SCN) 2 


346 


88 


Pb(ONC) 2 


386 


87 


Cd(CN) 2 


372 


75 


Cd(SCN) 2 


315 


79 


Cd(ONC) 2 


340 


79 


Bi(CN) 3 


324 


75 


Bi(SCN) 3 


286 


86 


Bi(ONC) 3 


316 


80 


ln(CN) 3 


412 


82 


ln(SCN) 3 


375 


89 


ln(ONC) 3 


369 


86 


Zn(CN) 2 


315 


76 


Zn(SCN) 2 


285 


83 


Zn(ONC) 2 


310 


79 


Ga(CN) 3 


348 


74 


Ga(SCN) 3 


302 


79 


Ga(ONC) 3 


326 


76 


Ge(CN) 4 


390 


78 


Ge(SCN) 4 


352 


86 


Ge(ONC) 4 


389 


82 


Mg(CN) 2 


320 


79 


Mg{SCN) 2 


289 


89 


Mg(ONC) 2 


341 


85 



37 
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Table 29 



1 Salt 


Discharge capacity 


Capacity 




(mAh/g) ... 


maintenance rate(&) 


T i (CN)j 


2 6 5 


7 5 


T i (SCN)j 


2 5 1 


7 7 


T i (ONC)j 


2 6 3 


7 5 


V(CN): 


2 7 5 


8 1 


V(SCN): 


2 4 5 


8 2 


V(ON C )» 


2 6 3 


8 0 


Mn(CN): 


2 7 8 


82 


Mn(S C N)» 


2 6 1 


8 7 


Mn(ONC). 


2 7 5 


8 5 


Sb(CN)3 


3 1 5 


7 6 


Sb(SCN) s 


2 8 1 


8 0 


S-b(ON C) s 


2 9 8 


7 8 



/' 

// 

7 
I 

I 
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Table 29-continued 



Salt 


Discharge capacity 
(mAh/g) 


Capacity 
maintenance rate(X) 


C r(CN)i 


3 0 1 


8 2 


C r(SCN) s 


2 7 5 


8 4 


C r (ONC)j 


2 8 0 


8 3 


F e ( C N )z 


2 6 9 


7 5 


Fe(SCN)i 


2 4 5 


7 9 


Fe(ONC)i 


2 5 7 


7 9 


W(CN). 


2 1 5 


8 1 


W( S C N )•. 


2 0 1 


8 2 


W(ONC)< 


2 1 0 


8 1 


C o(CN)i 


2 6 9 


7 8 


C o(S C N)i 


2 4 5 


8 4 


C o ( 0 N C) s 


2 5 3 


8 0 


N i(CN): 


2 7 5 


8 2 


N i(SCN)i 


2 5 7 


8 6 


N i (ON C)j 


2 6 1 


8 1 


C u(CN): 


2 5 1 


7 7 


C u(S C N)» 


2 3 5 


8 0 


C u(ON C)7 


2 4 6 


7 8 


Mo(CN)! 


2 3 5 


7 7 


Mo(SCN) 3 


2 1 1 


7 9 


Mo (ON C)s 


2 2 5 


7 7 


Ca(CN): 


3 2 5 


7 8 


Ca(SCN). 


3 1 4 


8 4 


C a (ON C), 


3 2 2 


8 0 


B a (C N )i 


3 3 3 


7 9 


B a ( S C N ) j 


3 0 1 


8 7 


B a(ONC). 


3 1 1 


8 1 


Nb(CN). 


2 2 2 


8 2 


Nb(SCN). 


2 0 1 


8 3 


N b(ON C)j 


2 1 6 


8 1 


Sr(SCN)! 


3 14 


8 4 


S r (ON C). 


3 2 2 


8 0 



Table 30 



Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 


ZnSn(CN) 4 


402 


87 



39 
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Table 30 (continued) 







(mAh/g) 


far^a^tiv/ maiiMon2anf*o 

OctfJdliliy IIIctHHd Ictl 

rate(%) 


5 


MgSn(SCN) 4 


382 


;92 




CaSn(SCN) 4 


382 


t! 92 




Sr(SCN) 4 


382 


92 




FeSn(ONC) 4 


376 


91 


10 


NiSn(CN) 4 


398 


88 




CoSn(SCN) 4 


375 


93 




MnSn(ONC) 4 


390 


92 


15 


TiSn(CN) 5 


385 


87 




CuSn(SCN) 4 


360 


93 




NiPb(CN) 4 


382 


83 




CoPb(SCN) 4 


362 


85 


20 


MnPb(ONC) 4 


375 


84 




ZnPb(CN) 4 


395 


84 




MgPb(SCN) 4 


376 


89 




CaPb(SCN) 4 


376 


89 




SrPb(SCN) 4 


376 


89 




FePb(ONC) 4 


375 


89 


30 


TiPb(CN) 5 


376 


84 


CuPb(SCN) 4 


326 


89 




Culn(CN) 5 


355 


84 




Feln(SCN) 5 


335 


91 


35 


Coln(ONC) 5 


345 


88 




Mgln(CN) 5 


365 


85 




CuBi(CN) 5 


324 


78 


40 


FeBi(SCN) 5 
BaBi(ONC) 5 


315 
320 


87 
83 




CaBi(CN) 3 


321 


77 




MgBi(CN) 3 


315 


78 



After the conclusion of cathode polarization of the test cells in the tenth cycle, the test cells were decomposed. No 
deposit of metallic lithium was observed in any of the test cells of Example 8. 

The batteries using the metal or semi-metal cyanide, cyanate, of thiocyanate of Example 8 as the anode active 
material have the improved cycle characteristics, compared with the prior art metal oxides. 
50 I 
Example 9 

The electrode characteristics of various metal and semi-metal tungstates specified in Table 31 and used as the 
anode active material were evaluated in Example 9. 
55 Table 31 shows the discharge capacities of the test cells and the capacity maintenance rates of the cylindrical bat- 
teries at the 100-th cycle measured under the same conditions as those of Example 1. 
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Table 31 



Salt 


Discharge capacity 


Capacity maintenance 

1 alci yoj 


AUAA/O^Y* 


POP 


00 


MIWL/4 


ou 1 


DO 


onvvu^ 


4 / / 


94 


On \AJ /"\ 


■IOC 


9b 


CnAA/A \ 


4U*i 


9b 




000 


9b 




4UO 


90 


ruVvUs 


41 y 


Oil 

94 


UdWU4 


326 


91 


CdWC>3 


345 


90 


Bi 2 WOg 


382 


90 


Bl 2 (W0 4 )3 


oco 

obo 


ad 


ln 2 (W0 4 )3 


426 


90 


in(W0 3 ) 3 


398 


Oil 

94 


PL /\AIf\ \ 

Sb2(WJ4) 3 


350 


90 




208 


CD 


znvvU3 




B9 


Ga 2 (W0 4 ) 3 


321 


89 


taa 2 (W03)3 


000 
000 


00 


Ge(W04)2 


341 


89 


Gp^WOoVi 
«cv vv ^'3/2 


353 


86 


MgW0 4 


301 


87 


MgW0 3 


313 


86 


CaW0 4 


301 


87 


CaWC>3 


313 


86 


SrW0 4 


301 


87 


SrW0 3 


313 


86 



After the conclusion of cathode polarization of the test cells in the tenth cycle, the test cells were decomposed. No 
deposit of metallic lithium was observed in any of the test cells of Example 9. 

The batteries using the metal or semi-metal tungstate of Example 9 as the anode active material have the improved 
cycle characteristics, compared with the prior art metal oxides. 

Example 10 

The electrode characteristics of various metal and semi-metal molybdates specified in Table 32 and used as the 
anode active material were evaluated in Example 10. 

Table 32 shows the discharge capacities of the test cells and the capacity maintenance rates of the cylindrical bat- 
teries at the 1 00-th cycle measured under the same conditions as those of Example 1 . , 
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Table 32 



Salt 


Discharge capacity 


Capacity maintenance 




302 


87 




49fi 


94 


onivioU4 










90 


rDMOU4 


4oo 


QA 






9 1 


Bl2(MOU4)3 


A AO 


QQ 

ao 


in2(MOU4)3 


400 . 


QA 


lnM04O6 


398 


yo 


<jkjo \ ■ *i « *— '4 / 3 


348 


90 


ZnMo0 4 


268 


87 


Ga 2 (Mo0 4 ) 3 


359 


89 


GeMo0 4 


371 


90 


MgMo0 4 


324 


88 


CaMo0 4 


324 


88 


SrMo0 4 


324 


88 



After the conclusion of cathode polarization of the test cells in the tenth cycle, the test cells were decomposed. No 
deposit of metallic lithium was observed in any of the test cells of Example 10. 

The batteries using the metal or semi-metal molybdate of Example 10 as the anode active material have the 
improved cycle characteristics, compared with the prior art metal oxides. 

35 

Example 11 

The electrode characteristics of various metal and semi-metal titanates specified in Table 33 and used as the 
anode active material were evaluated in Example 11. 
40 Table 33 shows the discharge capacities of the test cells and the capacity maintenance rates of the cylindrical bat- 
teries at the 1 00-th cycle measured under the same conditions as those of Example 1 . 



Table 33 



45 


Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 




AITi0 5 


326 


73 




SnTi0 4 


443 


82 


50 


SiTiO a 


321 


75 




PbTi0 3 


476 


80 




PbTi 3 O y 


402 


81 


55 


CdTi0 3 


354 


76 




Bi 2 Ti0 5 


498 


81 




Bi 2 Ti 2 0 7 


424 


82 
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Table 33 (continued) 





Ocfil 


UsIoCI Idly xs UapdCfly 

(mAh/g) 


Capacity maintenance 
rate(%) 


e 


ln 2 Ti0 5 


478 


83 




Sb 3 Ti 2 O 10 


369 


80 




ZnTi0 3 


324 


76 


w 


GaTi0 5 


371 


75 


GeTi0 3 


380 


74 




MgTi0 4 


334 


71 




CaT10 4 


334 


71 


IS 


SrTi0 4 


334 


71 



After the conclusion of cathode polarization of the test cells in the tenth cycle, the test cells were decomposed. No 
deposit of metallic lithium was observed in any of the test cells of Example 11. 
J?o The batteries using the metal or semi-metal titanate of Example 1 1 as the anode active material have the improved 
cycle characteristics, compared with the prior art metal oxides. 

Example 12 

25 The electrode characteristics of various metal and semi-metal zirconates specified in Table 34 and used as the 
anode active material were evaluated in Example 12. 

Table 34 shows the discharge capacities of the test cells and the capacity maintenance rates of the cylindrical bat- 
teries at the 100-th cycle measured under the same conditions as those of Example 1. • --- 

30 

Table 34 



Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) . 


AI 2 (Zr0 3 )3 


304 


71 


SnZr0 3 


484 


78 


SiZr0 4 


342 


76 


PbZr0 3 


466 


77 


CdZr0 3 


357 


71 


Bi 2 (Zr0 3 ) 3 


419 


77 


ln 2 (Zr0 3 ) 3 


443 


78 


Sb 2 (Zr0 3 ) 3 


354 


75 


ZnZr0 3 


294 


73 


Ga 2 (Zr0 3 ) 3 


372 


74 


GeZr0 3 


379 


72 


MgZr0 3 


339 


73 


CaZr0 3 


339 


73 


SrZr0 3 


339 


73 



55 

After the conclusion of cathode polarization of the test cells in the tenth cycle, the test cells were decomposed. No 
deposit of metallic lithium was observed in any of the test cells of Example 12. 

The batteries using the metal or semi-metal zirconate of Example 12 as the anode active material have the 
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improved cycle characteristics, compared with the prior art metai oxides. 
Example 13 

The electrode characteristics of various metal and semi-metal vanadates specified in Table 35 and used as the 
anode active material were evaluated in Example 13. * " 

Table 35 shows the discharge capacities of the test cells and the capacity maintenance rates of the cylindrical bat- 
teries at the 1 00-th cycle measured under the same conditions as those of Example 1 . 



10 




Table 35 






OCll L 


(mAh/g) 


Capacity maintenance 
rate(%) 


15 


AIVO4 


319 


82 




SnV 2 O e 


452 


89 




Sn 2 V 2 0 6 


489 


87 




SiV 2 0 7 


324 


84 


20 


Pb 2 V 2 0 6 


477 


86 




PbV 2 0 6 


427 


88 




CdV 2 0 6 


326 


83 


25 


BiV0 4 


436 


86 




Bi 2 V0 5 


496 


85 




lnV0 4 


498 


85 




ln 2 V0 5 


504 


83 


30 


SbV0 4 


354 


83 




ZnV 2 0 6 


311 


81 




GaV0 4 


368 


83 


35 


GeV 2 0 6 


341 


84 




MgV 2 0 6 


312 


79 




CaV 2 O e 


312 


79 




SrV 2 0 6 


312 


79 



40 



After the conclusion of cathode polarization of the test cells in the tenth cycle, the test cells were decomposed. No 
deposit of metallic lithium was observed in any of the test cells of Example 13. 

The batteries using the metal or semi-metal vanadate of Example 13 as the anode active material have the 
45 improved cycle characteristics, compared with the prior art metal oxides. 

Example 14 

The electrode characteristics of various metal and semi-metal chromates specified in Table 36 and used as the 
50 anode active material were evaluated in Example 14. 

Table 36 shows the discharge capacities of the test cells and the capacity maintenance rates of the cylindrical bat- 
teries at the 100-th cycle measured under the same conditions as those of Example 1. 
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Table 36 





SaH 


Discharge capacity 


Capacity maintenance 


JT 










AlCr0 3 


342 


R7 






too 


QA 


70 


oi i2viwg 


OU*t 


QO 

yt 


Si(Cr0 4 ) 2 


341 


89 






w 1 1 


Q1 






AAA 


90 


is 






O/ 




D1UIU3 


•toe 


yi 




d: r»w*\ 




93 




InP.rO^ 
II 101 VJ3 


H«tO 


y^ 


BO 












HOD 


on 
yu 




SbpfCrO^k 


352 


88 




ZnCr0 4 


336 


87 


25 


Ga 3 (Cr0 4 ) z 


381 


86 




GeCr0 4 


382 


85 




MgCr 2 07 


304 


87 


30 


CaCr 2 C7 


304 


87 




SrCr 2 0 7 


304 


87 



After the conclusion of cathode polarization of the test cells in the tenth cycle, the test cells were decomposed. No 
35 deposit of metallic lithium was observed in any of the test cells of Example 14. 

The batteries using the metal or semi-metal chromate of Example 14 as the anode active material have the 
improved cycle characteristics, compared with the prior art metal oxides. 

Example 15 

40 

The electrode characteristics of various metal and semi-metal niobates specified in Table 37 and used as the 
anode active material were evaluated in Example 1 5. 

Table 37 shows the discharge capacities of the test cells and the capacity maintenance rates of the cylindrical bat- 
teries at the 1 00-th cycle measured under the same conditions as those of Example 1 . 



Table 37 



Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 


AINb0 4 


324 


71 


SnNbgOe 


424 


75 


Sn 2 Nb 2 07 


468 


74 


SiNb0 4 


342 


71 


PbNbjOg 


403 


74 


PbjNbgOy 


426 


72 
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Table 37 (continued) 







Discharge capacity 
(mAh/g) 


Capacity maintsnancG 
rate(%) 


5 


Cd 2 Nb 2 0 7 


314 


71 




BiNb0 4 


415 


73 




lnNb0 4 


445 


74 




SbNb0 4 


370 


73 


10 


ZnNb20 6 


204 


71 




GaNb0 4 


•364 


72 




GeNb 2 O e 


368 v 


73 


15 


MgNb 2 0 6 


301 


72 




CaNb 2 O e 


301 


72 




SrNb 2 0 6 


301 


72 



20 After the conclusion of cathode polarization of the test cells in the tenth cycle, the test cells were decomposed. No 

deposit of metallic lithium was observed in any of the test cells of Example 1 5. 

The batteries using the metal or semi-metal niobate of Example 1 5 as the anode active material have the improved 
cycle characteristics, compared with the prior art metal oxides. 

25 Example 16 

The electrode characteristics of various metal and semi-metal tantalates specified in Table 38 and used as the 
anode active material were evaluated in Example 16. 

Table 38 shows the discharge capacities of the test cells and the capacity maintenance rates of the cylindrical bat- 
30 teries at the 1 00-th cycle measured under the same conditions as those of Example 1 . 



Table 38 



Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 


AITa0 4 


302 


81 


Sn 2 Ta 2 O y 


476 


88 


SiTa 2 0 7 


272 


82 


Pb 2 Ta 2 0 7 


406 


87 


Cd 2 Ta 2 0 7 


314 


84 


BiTa0 4 


404 


86 


lnTa0 4 


446 


85 


SbTa0 4 


364 


85 


Zn 2 Ta 2 0 7 


246 


83 


GaTa0 4 


356 


81 


Ge 2 Ta 2 0 7 


346 


81 


Mg 2 Ta 2 0 7 


304 


79 


Ca 2 Ta 2 07 


304 


79 


Sr 2 Ta 2 0 7 


304 


79 



After the conclusion of cathode polarization of the test cells in the tenth cycle, the test cells were decomposed. No 
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deposit of metallic lithium was observed in any of the test cells of Example 16. 

The batteries using the metal or semi-metal tantalate of Example 16 as the anode active material have the 
improved cycle characteristics, compared with the prior art metal oxides. 

5 Example 17 

The electrode characteristics of various metal and semi-metal manganates specified in Table 39 and used as the 
anode active material were evaluated in Example 17. 

Table 39 shows the discharge capacities of the test cells and the capacity maintenance rates of the cylindrical bat- 
jo teries at the 100-th cycle measured under the same conditions as those of Example 1. 



Table 39 



15 


Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 




AI 2 MnO s 


326 


80 




SnMn0 3 


486 


89 


SO 


SnMr^O/) 


424 


90 




SiMn0 3 


314 


81 




rDIvinU3 




£17 




CdMn0 3 


369 


82 


25 


Bi 2 Mn0 4 


424 


84 




Bi 2 Mn0 6 


412 


86 




ln 2 Mn0 4 


461 


84 


30 


ln 2 MnOe 


452 


84 




Sb2Mn04 


392 


83 




SbzMnOg 


376 


84 




ZnMn0 3 


314 


81 


35 


Ga 2 Mn0 4 


386 


81 




GeMn0 3 


349 


82 




MgMn0 3 


326 


78 


40 


CaMn0 3 


326 


78 




SrMn0 3 


326 


78 



After the conclusion of cathode polarization of the test cells in the tenth cycle, the test cells were decomposed. No 
45 deposit of metallic lithium was observed in any of the test cells of Example 17. 

/ The batteries using the metal or semi-metal manganate of Example 17 as the anode active material have the 
/ improved cycle characteristics, compared with the prior art metal oxides. 
/ Although all the above examples refer to the cylindrical batteries, the principle of the present invention is not 

/ ' restricted to this structure but may be applicable to secondary batteries of various types, such asd coin-type, rectangu- 
I so lar-type, and cylinder-type. 

In the above examples. LiM^ 8 Co 0 2 0 4 was used as the cathode active material. The similar effects can be exerted 
for a variety of other cathode active materials allowing reversible charge and discharge operations, such as LiMn 2 0 4 . 
LiCo0 2 . LiNiC^, and the like. 

As discussed above, the present invention uses an anode of high capacity and excellent cycle life and thereby pro- 
55 vides a non-aqueous electrolyte secondary battery that is free of a short circuit due to dendrite and has a higher energy 
density and a high reliability. . 
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Claims 

1. A non-aqueous electrolyte secondary battery comprising a cathode capable of being charged and discharged, a 
non-aqueous electrolyte, and an anode capable of being charged and discharged, said anode having an active 
material that comprises a salt of a metal or a semi-metal and a compound selected from the group consisting of 
oxo-acids, thiocyanic acid, cyanogen, and cyanic acid, wherein each said oxo-acid comprises an element selected 
from the group consisting of nitrogen, sulfur, carbon, boron, phosphorus, selenium, tellurium, tungsten, molybde- 
num, titanium, chromium, zirconium, niobium, tantalum, manganese, and vanadium, salts of said oxo-acids of 
phosphorus and boron being restricted to hydrogenphosphates and hydrogenborates. 

2. The non-aqueous electrolyte secondary battery in accordance with claim 1 , wherein said anode comprises a mix- 
ture of said active material, carbon material, and a binding agent. 

3. The non-aqueous electrolyte secondary battery in accordance with claim 1 , wherein said metal or semi-metal is at 
least one selected from the group consisting of Al, Sn, Si, Pb, Cd, Bi, In, Zn, Mg, Ge, Ga, Ca. Ba, Sr. B, Ir, Sb, Ti, 
V, Cr, Mn, Fe, Co, Ni, Cu. Mo, W. and Nb. 

4. The non-aqueous electrolyte secondary battery in accordance with claim 1, wherein said metal salt or semi-metal 
salt of said oxo-acid of nitrogen is at least one selected from the group consisting of nitrates and nitrites. 

5. The non-aqueous electrolyte secondary battery in accordance with claim 1, wherein said metal salt or semi-metal 
salt of said oxo-acid of sulfur is at least one selected from the group consisting of sulfates, sulfites, disulfates, per- 
oxomonosulfates, peroxodisulfates, thiosulfates, dithionates, disunites, thiosulfites, dithionites, and sulfoxylates. 

6. The non-aqueous electrolyte secondary battery in accordance with claim 1 , wherein said metal salt or semi-metal 
salt of said oxo-acid of phosphorus is at least one selected from the group consisting of monohydrogenphosphates. 
dihydrogenphosphates. phosphinates. and phosphonates. 

7. The non-aqueous electrolyte secondary battery in accordance with claim 1, wherein said metal salt or semi-metal 
salt of said oxo-acid of boron is at least one selected from the group consisting of monohydrogenborates and dihy- 
drogenborates. 

8. The non-aqueous electrolyte secondary battery in accordance with claim 1, wherein said metal salt or semi-metal 
salt of said oxo-acid of selenium is at least one selected from the group consisting of selenates M 2 (Se0 4 ) m , 
selenites M 2 (Se03) m . M 2 (S'e0 5 ) m , M(HSe0 4 ) m , and M(HSe0 3 ) m , where M denotes a metal or semi-metal having 
a valence m. 

9. The non-aqueous electrolyte secondary battery in accordance with claim 1, wherein said metal salt or semi -metal 
salt of said oxo-acid of tellurium is at least one selected from the group consisting of M 6 (Te0 6 ) m , M^TeC^),,,. 
M 5 (H 5 Te0 6 ) m , M 4 (H 2 Te0 6 ) rn , M 2 (H 3 TeO e ) rn . and M 2 (H 4 Te06) m , where M denotes a metal or semi-metal having a 
valence m.2 
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FIG. 1 

3 4 6 
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FIG. 2 

20 
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